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SUCCESSFUL PROPHYLAXIS AGAINST GROUP A 


STREPTOCOCCAL INFECTIONS IN 


RHEUMATIC FEVER PATIENTS* 


Stollerman and his associates at the Irvington 
House, Irvington-on-Hudson, New York, ad- 
ministered BIcILLIN“ — Benzethacil (diben- 
zylethylenediamine dipenicillin G, Wyeth) — 


to 135 children, all known rheumatic subjects. 


One of the following dose schedules was 
employed with each child: 300,000 units 1.m 
once weekly; 600,000 units 1.m. once every (Wo 


weeks; 1,200,000 units i.m. Gnce monthly. 


Injection of 600,000 units was followed by 
appearance of penicillin for as long as 12 to 
14 days in the serum of all patients tested 


after each injection. 


Ten patients received 1,200,000 units 1.m. 
in divided doses of 600,000 units, adminis- 
tered simultaneously in each buttock. In these 
patients detectable serum levels persisted as 
follows: at the end of one week, 100%; two 


weeks, 89%); three weeks, 89%; four weeks, 67%. 


A single i.m. injection of 1,250,000 units 
was administered to 17 patients. At the end of 
three weeks all these patients had assayable 


penicillin levels. 


Routine weekly throat culture studies were 
negative for Group A streptococci in all but 
one patient who received the regular pro- 


phylactic injections of penicillin. 


This patient had been receiving 600,000 
units of BICILLIN every two weeks for 15 
weeks. The type 19 Group A organism she 
was carrying was found to be sensitive to 0.01 
unit of penicillin. At the time the positive 
throat culture appeared, the patient's serum 
contained 0.06 unit of penicillin per milliliter. 
The organism was eliminated by an additional 
injection of 1,200,000 units and failed to 


rea Pp pear 


The prophylactic administration of BICILLIN 
to these patients did not cause a noticeable 
change pharyngeal flora. There was no 
increase in monilia in the throat or stools of 
77 patients. Seventy-seven dental extractions 
were performed on 38 patients during the 
period of this study and no case of subacute 


bacterial endocarditis developed. 


Penicillin hypersensitivity was encountered 
in four patients. In each case the symptoms 
were transitory and did not require interrup- 
tion of prophylaxis. No alteration the 
peripheral blood cell count, results uri- 
nalysis, blood urea nitrogen or blood sugar 


levels was noted. 


There was no instance of a recurrence of 
rheumatic fever in any patient receiving regu- 


lar doses of BICILLIN 


*Abstracted from Stollerman, G.H., and Rusoff, 
J.H.: Prophylaxis against group A streptococcal 
infections in rheumatic tever patients, | A.M.A 


150:1571 (Dec. 20) 1952 
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Sanborn instruments 
for the recording 


of physiological phenomena* 


PHOTOGRAPHIC 
Phonocardiogram 
of DIAGNOSTIC quality 
WITH 
High-deflection-speed CARDIETTE 
electrocardiogram 


ECG amplifier and 
one heart sound amplifier. 
Both are removable 
and interchangeable. 

Additional ECG amplifier 
available if recording of 
*cardiograms and/or other physiological 
phenomena in combination is desired, 
Paper speeds 2.5, 25 and 75 mm/sec. 
AC power operated. 6cm. bromide paper. 


OR, two other 
physiological phenomena 
in combination. 


DIRECT 
WRITING 


Electrocardiogram 
WITH 
one other physiological CARDIETTE 
phenomenon Each of the two channels 


may include ether a Carrier Type 
or General Purpose Amplifier, 
or the latter in combination 
with either ECG or DC 
Preamplifiers. Amplifiers and 
ry) preamplifiers interchangeable. 
Five dual sets of speeds 
a —5 and 0.5, 10 and 1, 25 and 
4) 2.5, 50 and 5, 100 and 10 mm/sec. 


5 inch recording Permapaper. 


OR, two other 
physiological phenomena 
in combination. 


For further information CAMBRIDGE 39, 
on either or both of Sanborn. Company MASSACHUSETTS 


these instruments, address 
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in the hands 
of the physician 


Often the critical evaluation of the 
drug to be administered is as im- 
portant to the patient’s recovery as 
is the diagnosis of his condition. In 
each case correct procedures can be 
determined only by the physician. 
CHLOROMYCETIN is eminent among 
drugs at the disposal of the medical 
profession. Clinical findings attest 
that, in the hands of the physician, 
this widely used, broad spectrum 
antibiotic has proved invaluable 
against a great variety of infectious 
disorders. 


notably effective 


The many hundreds of clinical reports on CHLOROMYCETIN emphasize 
repeatedly its exceptional tolerance as demonstrated by the infrequent 


occurrence of even mild signs and symptoms of gastrointestinal distress 
and other side effects in patients receiving the drug. 

Similarly, the broad clinical effectiveness of CIILOROMYCETIN has 
been established, and serious blood disorders following its use are rare. 
However, it is a potent therapeutic agent, and should not be used indis- 
criminately or for minor infections—and, as with certain other drugs, 
adequate blood studies should be made when the patient requires pro- 
longed or intermittent therapy. 


CHLOROMYCETIN (chloramphenicol, Parke-Davis) is available in a variety 
of forms, including 
CHLOROMYCETIN Kapseals,® 250 mg., bottles of 16 and 100 
CHLOROMYCETIN Capsules, LOO mg., bottles of 25 and 100 
CHLOROMYCETIN Capsules, 50 mg., bottles of 25 and 100 
CHLOROMYCETIN Ophthalmic Ointment, 1%, %-ounce collapsible tubes. 
CHLOROMYCETIN Ophthalmic, 25 mg. dry powder for solution, 
individual vials with droppers 


Sarke; Dawis ¥ Company 


DETROIT, MICHIGAN 
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| Whoever You Are yj Whatever You Do 


reasons 


for using 


‘POLYSPORIN” 


POLYMYXIN B—BACITRACIN OINTMENT 


1. ANTI-GRAM-NEGATIVE AND ANTI-GRAM-POSITIVE 

Combines the bactericidal activity of ‘Aerosporin’® Sulfate Poly- 
myxin B Sulfate against gram-negative bacilli with that of bacitracin 
against gram-positive organisms.!:? Their effects are completely 
additive. 

2. ANTI-PSEUDOMONAS 

‘Aerosporin’ is the most effective therapeutic agent known against 
Pseudomonas (pyocyaneus).® Pseudomonas organisms commonly gain 
access to skin and lesions from the air and occasionally from instru. 
ments, dressings and drug solutions. | 


3. MINIMAL SENSITIZATION 
‘Aerosporin’ and bacitracin have low indices of allergenicity; an im 
portant advantage over penicillin, streptomycin, and sulfonamides." 
4. NO DAMAGE TO TISSUES 
In concentrations used locally the antibiotics do not damage tissue 
or blood cells —compare this with the effects of chemical antisepties. ©: 75 
5. NEGLIGIBLE ABSORPTION 


Systemic absorption of “Aerosporin’ or bacitracin from intact skin, 
mucous membranes, or lesions of either is practically miles 


6. RAPID DRUG RELEASE FROM BASE 

Non-aqueous base readily gives up the antibiotics to skin and tissue 
fluids. Absence of water from the base insures stability of the anti- 
bioties. 4 

7. SPARING GENERAL ANTIBIOTIC SENSITIZATION 

Use of rarely-sensitizing ‘Aerosporin’ and bacitracin for local lesions 
avoids possible sensitization to penicillin, streptomycin, or the broad 
spectrum antibiotics, thus leaving the patient responsive to them in 
case of serious systemic infection. 

8. PROPHYLACTIC VALUE 

To protect burns, skin grafts, and other lesions from contamination 
by practically all bacterial pathogens, particularly Pseudomonas. 
Prevention of infection probably shortens healing time and reduces 
incidence of fever and inflammation.‘ 


‘POLYSPORIN’® Polymyxin B 
Available in oz. and oz. tubes and ' 


Bacitracin Ointment 
ophthalmic tubes 
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Angiocardiography with Diodrast 
70 per cent solution — 

whether by means of intravenous 
injection or by the technic 

of intracardiac catheterization — 
is now a well standardized 

and often immensely 

helpful procedure. 


Ampuls $f 20 ce. and 50 ee. 


Specific instances in which 
it may be of unsurpassed diagnostic 
value are congenital lesions 

such as patent ductus arteriosus, 
tetralogy of Fallot, coarctation 

of the aorta, patent foramen ovale, 
dextrocardia, etc.; aneurysms, 
mediastinal lesions 

and chronic pericarditis. 


New 18, N.Y. Winosor, 


Diodrast, trademark reg. U.S. & Canada, brand of iedopyracet 
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‘Carbo-Resin’ Therapy 
Simplifies Control of Edema 


@ Permits more liberal salt intake, enhances palata- 
bility of diet 


Safely removes sodium from intestinal tract and pre- 
vents its reabsorption 


Decreases the frequency of need for mercurial diu- 
retics by potentiating their effectiveness 


May be lifesaving therapy for patients who have 
developed a resistance to mercury 


Useful in congestive heart failure, cirrhosis of the 
liver, edema of pregnancy, hypertension, or when- 
ever salt restriction is advisable 


hi Lilly and Company 


Indianapolis 6, Indiana, U.S. A. 
Suspended in 
orange jyuwe 


Baked into brownies 
or cookies 

Variety is the key to palatable ‘Carbo-Resin’ therapy. 
“Carbo- Resin, Unflavored, may be incorporated into cookies, 
fruit juices, and desserts. Printed recipes for your patients are 
available from the Lilly medical service representative or direct 

Mlended into from Indianapolis. A book contaming low-sodium diets is also 

available for distribution to patients 

CAUTION: ‘Carbo Resin’ is supplied in two forms — flavored 

and unflavored. Only “Carbo-Hesin,” Unflavored, is suitable for 

incorporation into recipes. 


gelatin dessert 
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A SPECIFIC INHIBITOR FOR HUMAN DESOXYRIBONUCLEASE 
AND AN INHIBITOR OF THE LUPUS ERYTHEMATOSUS 
CELL PHENOMENON FROM LEUCOCYTES! 


By NATHANIEL B. KURNICK, LAWRENCE I. SCHWARTZ, SANFORD PARISER,? 


AND STANLEY L 


LEE 


(From the Department of Medicine, Tulane University School of Medicine, New Orleans, 
Loutstana; and the Hematology and Pathology Laboratories of the Mount Stnat 
Hospital, New York, N. Y.) 


(Submitted for publication September 29, 1952; accepted December 3, 1952) 


In speculating upon the probable role of desoxy- 
ribonuclease (DNase) in the depolymerization of 
desoxyribonucleic acid (DNA), which character- 
izes (1) the “lupus erythematosus (L.E.) cell” 
(2), we have suggested (3), as have Klemperer 
and his associates (4), that an increased serum en- 
zyme activity, potentiation of an intracellular 
DNase, or destruction of an intracellular inhibitor 
of DNase by a serum factor, might be responsible. 
In a previous communication (5) we reported evi- 
dence which excludes the serum DNase from re- 
sponsibility for the phenomenon. Studies on the 
interaction of leucocytes and serum, in an ap- 
proach to the alternative possibilities, disclosed the 
presence of a specific intracellular inhibitor of hu- 
man serum DNase and an inhibitor of the “L.E. 
cell” phenomenon (6, 7). 
we shall report upon some of the characteristics of 
these factors. 


In the present paper, 


I. SERUM DNASE INHIBITION 
A. Preparation of leucocyte extracts 


Leucocytes (WBC) were prepared with the aid of 
Bovine fraction I from heparinized blood as previously 
described (5) or by centrifugation at 0 to 2°C of fresh 
“ACD” blood 4 (120 ml. of 1.47 per cent dextrose, 1.32 
per cent sodium citrate, 0.48 per cent citric acid plus 480 


1 This work was aided by grants to Tulane University 
School of Medicine (N. B. K.) from the National Heart 
Institute, U.S.P.H.S. (No. H-714), the American Heart 
Association, American Cancer Society (recommended by 
the Committee on Growth, National Research Council ) 
and the Life Insurance Medical Research Fund, and to 
the Mount Sinai Hospital from the Life Insurance Medi 
cal Research Fund and A. A. List. 

2 Anna Ruth Lowenberg Fellow in Hematology, Mount 
Sinai Hospital. 

3 We are indebted to Dr. J. W. Davenport and Mr. John 
Gavey of the Medical Department of the New Orleans 
Regional Blood Center, American Red Cross, for generous 
supplies of human blood. 


ml. whole blood) followed by collection of the WBC 
layer and repeated washing at 0 to 2°C with 0.14 M NaCl 
until a good separation of WBC from erythrocytes was 
obtained. The latter technique was used with large vol- 
umes of human blood (2500-3000 ml.). 

Extracts of WBC were prepared by either of two 
methods : 

(a) Suspensions of 24 * 10° or more WBC per ml. in 
0.14 M NaCl or heparinized plasma were lysed by re- 
peated freezing in acetone-solid CO, mixtures followed 
by thawing by immersion in a 37°C water bath. Com- 
plete disintegration of cells was accomplished by freezing 
An aliquot was clarified by cen- 
of tube) 
The ma 


and thawing four times 
trifugation at 2700 x G (measured at center 
for 30 minutes in a Sorvall angle centrifuge. 

(b) Approximately 12 * 10° fresh WBC 
pended in 30 ml. 0.14 M NaCl at 0 to 2°C 


a micro Waring Blendor equipped with an ice jacket (8), 


terial was stored at 
were 
and blended in 


sus- 


slightly modified by the addition of a rubber diaphragm 
seal for the ice jacket, to permit pouring from the Blendor 
without contamination of the material by the ice-saline 
mixture in the jacket, for 10 minutes (sufficient for com- 
plete fragmentation of the cells, as demonstrated by 
microscopic examination). The homogenate 
trifuged for 15 minutes at 430 x G. The supernatant, 
representing the bulk of the cytoplasmic material and 
labelled 
plasmic fraction.” This was separated by centrifugation 
for 40 minutes at 2700 * G into a 
natant” and “cytoplasmic sediment.” 


was cen 


some soluble nuclear components, was “cyto 
“cytoplasmic super 

The sediment ob- 
tained from the whole homogenate at 430 * G was washed 
repeatedly with saline in order to obtain a clean “chro- 
mosomal fractionated 
(DNH) and “residual chromosomes” after Mirsky and 
Ris (9, 10). From DNH, purified desoxyribonucleic acid 
(DNA) was prepared according to Mirsky and Pollister 
(11). All fractions were resuspended in 0.14 M NaCl to 
reconstitute, approximately, the original 
(12 x 10° WBC in 30 ml.). All procedures were car- 
ried out at 0 to 2°C. 
sodium ethyl mercuri-thiosalicylate was added to a final 
concentration of 1: 100,000, and the material was stored 
at — 20°C. A pale pink color was imparted to the cyto 
plasmic fraction and the supernatant obtained therefrom 


fraction” and into nucleohistone 


concentration 


Upon completion of the fractionation, 
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by the hemoglobin of the RBC which remained entrapped 
in the WBC layers. 


B. Inhibition of serum DNase 


Kach of the WBC extracts prepared by the 
freezing-thawing method was tested for DNase 
activity by the methyl green method (3) as modi- 
fied for serum (12). In no case was any DNase 
activity detected under these conditions of ionic 
strength and pH. Tests for DNase activities under 
other conditions (13-17) were not made, since 
these would not interfere with our experiments. 
Tests for DNase inhibition against human serum 
were performed by substituting the fraction to be 
tested for part or all of the 3 ml. saline used in di- 
luting the substrate (12). Sintultaneous observa- 
tions on the inhibition of the “L.EE. cell” phe- 
nomenon by each of the fractions are reported be- 


NN 


90 120 180 200 240 
MINUTES 

Human Serum DNase INuipition BY HUMAN 
Leucocyte (WBC) Extracts 


hic. 1. 


Each poimt represents optical density of 3 ml. sub- 
0.33 M 


indicated 


strate-inhibitor-serum mixture added to 0.5 ml 
citrate after incubation for 

Each 19 ml. of the incubated mixture contains 
serum and 1 ml. of the following saline WBC 
extracts: A. None (1 ml. 0.14 M saline), B. Supernatant 
from 6 x 10° frozen and thawed cells, C. “Cytoplasmic 
supernatant,” D. Unwashed “cytoplasmic sediment,” FE. 
Chromosome fraction. 


sodium intervals 
at 37°C. 


1 ml 


SCHWARTZ, S. 


PARISER, AND S. L. LEE 


low. The observations on the two types of inhibi- 
Rarely, prepara- 
tions which had previously been found to contain 


tion parallel each other closely. 


inhibitor, failed to inhibit the “L.E. cell” phe- 
nomenon and only weakly inhibited human serum 
DNase. As will be seen, these failures were prob- 
ably due to proteolysis (autolysis ), whereas the dis- 
crepancies result from the greater sensitivity of the 
DNase system. 

Inhibition of human serum DNase was observed 
with the frozen and thawed extracts, both before 
and after centrifugation, with the total ‘“cyto- 
plasmic fraction,” and the “cytoplasmic super- 
natant” prepared from blended WBC. Neither 
the “cytoplasmic sediment” nor the “chromosomal 
fraction” (nor, fractions prepared therefrom) 
demonstrated inhibition (Fig. 1). 

The relationship between the amount of  in- 
hibitor present and the degree of inhibition is ap- 
parently not lmear (Fig. 2), and resembles the 
curve reported by Zamenhof and Chargaff (13) for 
their yeast DNase inhibitor. 

C. Physico-chemical properties of inhibitor 

Prolonged dialysis against frequent changes of 
0.14 M saline at O’C did not alter the inhibitory 
activity of extract fractions. No loss of inhibition 
resulted from heating at 56°C for 2 hours (both 
unbuffered and buffered at pH 7.5 with tri- 
methylol-amino-methane buffer [18]). Heating 
to 100°C in a boiling water bath for 30 minutes 
The 


addition of citric acid to bring the final concentra- 


completely destroyed all inhibitory effect. 


tion to 1 per cent, followed by dialysis against 
saline at O°C (to remove citrate), resulted in loss 
of inhibitory activity by “cytoplasmic supernatant.” 
This was probably a pH effect, since treatment of 
inhibitors prepared by freezing and thawing cells 
into saline with 0.1 N NaOH or 0.06 N HCl also 
destroyed — their effect. 
0.00025 N HCl (as used in the pepsin digestion 


inhibitory However, 
described below) did not affect inhibition. 

Since the citrate ion is a potent inhibitor of 
DNase, it seemed possible that traces of this ion 
from the ACD solution might have been responsi- 
ble for the inhibition of serum DNase by the 
plasmic supernatant.” The following observations, 


“cyto- 
previously noted, militate against this possibility : 

(a) Potent from 
heparinized blood, (b) 100°C destroyed the in- 


inhibitors were prepared 
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SPECIFIC INHIBITOR OF DESOXYRIBONUCLEASE AND “L, E. CELL” 
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100; 
80r 
x 
24x10°wec/ml, frozen¢ thawed tn plasma vs serum T 
4 40 a ” ” 
20} 4 90x 10° weac/ml, thawed in saline vs serum 
ce) 0.125 0.25 0.5 1 
VOLUME INHIBITOR IN ML.(Final vol, 19m!) 
Fic, 2. DEGREE OF INHIBITION OF SERUM DNASE vs. VoLUME (CONCENTRATION ) 


oF (19 ML. VoLUME OF SUBSTRATE-INHIBITOR-SERUM 


CONTAINING 1 ML. SERUM) 


hibition, (¢) 1 per cent citric acid, NaOH, and 
HC! destroyed inhibition, and (d) dialysis did not 
reduce inhibition. This possibility was further 
excluded by a direct test: 


To 20 ml. of a “whole chromosome” suspension, and of 
a “cytoplasmic sediment” suspension, 5 ml. of “ACD” 
After an hour at room temperature, 
the material was dialyzed against 0.14 M NaCl at 0-2°C 
for 24 hours, with frequent changes of the bath. No in- 
hibition of human serum DNase was detected with either 
material before or after the treatment with “ACD.” 


solution were added. 


D. Effects of enzymes 

“Cytoplasmic supernatant” inhibitors were in- 
cubated for 2 hours at 37°C with an equal volume 
of solutions containing 3 mg. per ml. of the follow- 
ing enzymes ‘in 0.01 M pH 7.5 trimethylol-amino- 
methane buffer (18) : ribonuclease, trypsin, chymo- 
trypsin, papain, and yeast protease. Ribonuclease 


was also used at 56°C for 2 hours. Pepsin was 
similarly used, but dissolved in water (final pH 
4.7) or in 0.0005 N HCl. 


ture was tested for inhibitory effect against human 


Two ml. of each mix- 


serum DNase (final volume 19 ml. as in [12]). 
Controls consisted of the inhibitor incubated with 
the solvent (1.c., without enzyme) and of the en- 
zyme incubated with saline (i.e., without inhibi- 
tor). 
inhibitory action and the enzyme controls had no 


The inhibitor controls showed unimpaired 


effect on serum DNase activity except in the case 
4 Crystalline enzymes obtained from General Biochemi- 
cals, Inc., Chagrin Falls, Ohio. 


MIXTURE 


of yeast protease, which, alone, revealed DNase 
activity, and produced an additive DNase activity 
with sera. All of the proteolytic enzymes com- 
pletely destroyed the imhibition of serum DNase, 
effect 


while ribonuclease was without 


inhibitor. 


upon the 


E. Permeability of cell membrane to inhibitor 
Since WBC were found to contain an inhibitor 
for human serum DNase, it appeared possible 
that the very low serum DNase values commonly 
encountered in normal sera (12) might result 
from exposure of the serum to the WBC of the 
blood before separation, particularly if separation 
Kreshly clotted 
blood was allowed to stand at room temperature 
and at 37°C. 
intervals from 


was not carried out promptly. 


Samples of sera were removed at 
15 minutes to 6 hours after col 
lection, Similar experiments were performed 
No change in DNase ac- 
After 24 


hours at 37°C, there was moderate reduction of 


with heparinized blood, 
tivity was observed over this period. 


DNase activity, but this was no greater than was 
noted when separated serum was allowed to stand 
for the same interval. The fact that no significant 
amount of inhibitor “leaked” into autologous se- 
rum or plasma was also supported by the observa- 
tion that in no case was inactive serum found to 
inhibit the DNase of an active serum. However, 
0.14 M saline, allowed to stand in contact with iso- 
lated WBC at O to 2°C for 24 to 48 hours, ex- 
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TABLE I 
Inhibition of serum desoxyribonuclease by various cell types 


Approx. No. cells X 10* per ml 


per mil. of Lympho Granulo- Mono- Blast Inhibition, 

Diagnosis saline cytes cytes cytes cells per cent 
1) Lymph. Leukemia 20 K 10° 14 6 0 0 32 
2) Normal 35 xX 108 15 18 2 0 39 
3) Monocytosis 170 * 108 17 68 85 0 41 
4) Normal 174 x 108 75 84 15 0 66 
5) Ac. Myel. Leukemia 240 10° 5 35 0 200 56 
2 290 0 8 36 


6) Chronic Myel. Leukemia 300 * 10° 


tracted a significant amount of inhibitor from 
them, as demonstrated by inhibition of serum 
DNase by the supernatant. Furthermore, 60 x 
10° WSC washed four times with 0.14 M NaCl, 
then frozen and thawed into 1 ml. of the test se- 
rum, produced only slight inhibition of DNase, 
while unwashed WBC, similarly treated, produced 
complete inhibition. 
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40+ 
30 60 120 150 
MINUTES 

Fic. 3. or Various 

spy Human WBC “CytopiasmMic SUPERNATANT” 

Solid line represents activity of substrate-serum alone; 
dotted line represents activity of substrate-serum mix- 
ture plus 1 ml. “cytoplasmic supernatant” (final volume 
19 ml.). J, 2. Dog serum, 3, 4. Rabbit serum, 5, 6. Guinea 
pig serum, 7, 8. Cat serum, 9, 10. Rat serum, 11, 12. Ham- 
ster serum, 13, 14. Human serum, 1/5, 16. Bovine pancreatic 


DNase. 


F. Inhibitor preparations from different cell types 


The presence of inhibitor in different types of 
cel's was studied by freezing and thawing in 
0.14 M saline, WBC isolated from a normal per- 
son, a patient with post-splenectomy monocytosis 
(40,000 WBC per cmm. capillary blood, 50% 
monocytes), a patient with chronic myelogenous 
leukemia, one with lymphosarcoma and lymphatic 
leukemia (70% lymphocytes), and one with acute 
myelogenous leukemia. The effect of 0.5 ml. of 
the supernatant from each was tested against 1 ml. 
of a single serum sample (Table I). 

The data suggest that lymphocytes may be richer 
in inhibitor than granulocytes (cf. 1 and 6) and 
that monocytes may be poor in inhibitor (cf. 3 and 
4). The relationship found between the inhibition 
by 35 x 10® and by 174 x 10° normal WBC ap- 
pears consistent with the data in Fig. 2. Imma- 
ture leucocytes appear to be richer in inhibitor 
than mature WBC (cf. 5 and 6). Caution is 
necessary in interpreting these observations, how- 
ever, since completeness of inhibitor extraction 
may vary among the cell types. 


G. Spectes spectficity of inhibitor 


Nine different inhibitors prepared from human 
WBC were tested against the sera of dog (diluted 
3:4 with saline), cat (diluted 3: 100), rabbit 
(diluted 1:2), hamster (undiluted), guinea pig 
(diluted 3:4), rat (undiluted), and mouse (un- 
diluted). Dilutions were selected so that 1 ml. 
of the diluted serum approximated the DNase ac- 
tivity of active human serum (about 140 x 10% 
units per ml. serum [see (3) for the definition of 
DNase unit]). Bovine pancreatic DNase (19)° 
was similarly tested in a final concentration of 
0.005 pg. per ml. The results of a typical experi- 


5 Worthington Laboratories, Freehold, N. J. 
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TABLE II 
Enhanced susceptibility of washed leucocytes to ‘'L.E. cell'’ transformation 
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Unwashed WBC 


Washed (4k) WBC 


L.E, serum 

dilution “LE “LE 

(initial) “Globs” cells’ Rosettes Total “Globs’ cells” Rosettes Total 
Undil. 2 2 1 5 2 3 3 8 
iezZ 0 1 1 2 2 3 7 
1:4 0 9 0 0 2 2 2 6 
1:8 0 0 0 0 1 0 I 2 
1:16 0 0 0 0 0 0 0 0 


ment are shown in Fig. 3. As indicated by the 
curves, only the human and rabbit DNase were 
completely inhibited. There was moderate inhibi- 
tion of guinea pig and hamster serum DNase, 
questionable inhibition of canine DNase, and no 
inhibition of rat, cat, and mouse serum and bovine 
pancreatic DNase. 


CELL” PHENOMENON INHIBITOR 


A. Quantitation of “L.E. cell” phenomenon 


Sera with “L.E. phenomenon activity” (L.E. serum) 
were the same as those reported previously (5). Leuco- 
cyte (WBC) “buttons” of 10-15 x 10° WBC were pre- 
pared as in that paper (5). These WBC “buttons” were 
used as substrate for the L.E. phenomenon without fur- 
ther treatment or after washing four times by resuspension 
in about 7 ml. isotonic saline and re-centrifugation. The 
“buttons” were suspended in 0.5 ml. saline (or inhibitor 
to be tested), 0.5 ml. of L.E. serum (diluted with normal 
serum) was added, and the mixture incubated at 37°C for 
1 hour. The WBC were then sedimented by centrifuga- 
tion for 5 minutes at low speed, smeared upon glass slides, 
fixed in absolute methyl alcohol for 5 minutes, and 
stained in dilute Giemsa solution for 30 minutes. The 
stained smears of a given experiment (with appropriate 
controls) were examined by a single observer who (to 
insure objectivity) did not know the labelling code 


Each of the three morphological manifestations of the 


Control (normal plasma) 


TABLE III 


L.E. serum - 

dilution “L.E 

(initial) “Globs” cells" Rosettes 
Undil. 2 3 3 
1 2 3 
1:4 1 Zz 1 
1:8 1 1 1 
1:16 1 1 0 
1332 1 0 0 
1:64 0 0 0 


L.E. phenomenon (a. classical “L.E. cell” with single 
large inclusion, or “droplet cell” with several small in 
clusions, b. rosettes, c. “globs” [5]) was graded from 0 
to 4 on the basis of frequency of occurrence 


B. Increased susceptibility of washed WBC to 
“L.E. cell” transformation 


It was regularly found that washed WBC were 
more susceptible to “L.E. cell” transformation than 
were unwashed WBC, as measured both by the 
intensity of the “L.E. cell” phenomenon at any 
given dilution of L.E£. serum and by the titer to 
which the L.E. serum would tolerate dilution be- 
fore loss of demonstrable L.E. activity (Table II). 
To exclude the possibilities (a) that the removal 
of the native plasma or the heparin and fibrinogen 
included therein and (b) that the traumatization 
of the WBC by repeated centrifugation had caused 
their greater susceptibility to the “L.E. cell” trans- 
formation, two controls were added. In one, the 
washed WBC were resuspended in their original 
plasma, re-centrifuged, and tested. No diminu- 
tion in the enhancement of the “L.E. cell” phe- 
nomenon produced by washing was observed. 
In the second control, unwashed WBC were re- 
suspended in the original plasma and re-centrifuged 


Inhibition of cell’’ phenomenon by leucocyte homogenate* 


Inhibited (WBC homogenate)** 


Total “Globs” cells” Rosettes Total 
8 y 1 1 4 
6 1 1 1 3 
4 I 1 1 3 
3 0 0 0 0 
2 0 0 0 0 
1 0 0 0 0 
0 0 0 0 0 


* Washed WBC (15 X 10°) plus 0.5 ml. normal plasma or WBC homogenate plus 0.5 ml. L.F. 


normal serum). 


** WBC homogenate consists of 40 * 106 WBC per ml. frozen and thawed in norma! plasma 


serum (diluted with 
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and resuspended four times. Such unwashed, but 
repeatedly resuspended and re-centrifuged WBC 
revealed no increased susceptibility to “LE. cell” 
transformation. Controls in which normal sera, 
with and without DNase activity, were substituted 
for active L.E. sera revealed no “LE. cell” induc- 
tion in either washed or unwashed WBC. 


C. “LE. cell” phenomenon inhibition 


The probability that the increased susceptibility 
of washed WBC to “L.E. cell” transformation was 
due to the partial removal from the WBC of in- 
hibitor was confirmed by replacing the inhibitor. 


7+ 
—— — washed cell titre 

6 \ sunwashed cell titre 
5 ooo «washed cell t “inhibitor “titre 
\ unwashed cell +*inhibitor titre 
Q 
Z 
6 
5 


12 14 16 132 164 W128 £256 1:512 
FINAL DILUTION OF LE SERUM 
Fic. 4. Errect or SUPERNATANT FROM 24 10° WBC 
PER ML. FrozEN AND THawep IN NorMAL SERUM ON 
INTENSITY oF “L.F. PieNoMENON AT SEVERAL 
Ditutions or L.E. Serum (in NormMart Serum) 


The washed WBC were resuspended in a WBC 
homogenate or a WBC fraction (see Part 1, A for 
description of fractions). The whole homogenates, 
and each of the fractions which contained DNase 
inhibitor (“eytoplasmie fraction,” “cytoplasmic 
supernatant”), but not those without DNase in- 
hibitor activity (chromosomal fraction, cytoplas- 
mic sediment, DNH, DNA, histone, “residual 
chromosomes” ), reduced the intensity of the “L.E. 
cell” phenomenon in washed WBC (Table IIT). 
Slight inhibition of “L.Ie. cell” transformation of 
unwashed WBC was also demonstrated (Fig. 4). 

In order to test the relationship between inhi- 
bition of the “L.E. cell” phenomenon and the con- 


=—— = control 
—— = inhibitor 


= "V2 
—- undiluted 
34} 
9 
Z 
3} 
ry 
1:6 ie 1:24 1:48 


L.E. SERUM DILUTION (Final) 
Fic. 5. Errect oF CONCENTRATION OF INHIBITOR ON 
THE INTENSITY OF THE “L-E. PHENOMENON PRo- 
pucED IN Wasnep WBC sy Severat Ditutions or L.E. 
SERUM 


centration of the inhibitor, an experiment was per- 
formed in which the inhibitor, a homogenate of 
24x 10° WBC per mi. plasma (frozen and 
thawed), was serially diluted with normal plasma. 
The control contained normal plasma in place of 
the inhibitor. The data are presented in Fig. 5, 
and the percentage inhibition in Fig. 6. The simi- 
larity between Fig. 6 and Fig. 2 is apparent. It 
should be borne in mind that the percentage inhibi- 
tions shown in Fig. 6 represent the ratios of the 
total grading units of the inhibited and uninhibited 
experiments. This is only a very rough estimate 
of the degree of inhibition, therefore. Since the 


100 
80 
6OF 
o 
1:4 LE serum 


VOLUME INHIBITOR (In final vol. 1.5 ml.) 


Fic. 6. Decree or INurpition or “L.E. Ceri” 
NOMENON VS. VOLUME (CONCENTRATION) OF INHIBITOR 
(FROM Data IN Fic. 5) 
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final volume is approximately 1.5 ml. in the “L.E. 
cell” experiments, whereas it is 19 ml. in the 
DNase experiments, the greater sensitivity of the 
DNase system to the inhibitor is obvious. 
D. Phystco-chemical properties of cell” 
phenomenon inhibitor 

Like the DNase inhibitor, the “L.E. cell” phe- 
nomenon inhibitor was found to be unaffected by 
a temperature of 56°C for 30 minutes, but was 
destroyed at 100°C for 15 minutes. Similarly, 
dialysis did not impair the inhibition of the “L.IFé. 
cell” phenomenon, After repeated use over a pe- 
riod of weeks, which required bringing the material 
to room temperature for sbort intervals and re- 
freezing, inhibition of both the serum DNase and 
of the “L.E. cell” phenomenon became progres: 
sively less effective. This was presumed to be 
TABLE IV 


Effect of anions on ‘‘L.E. cell’ phenomenon 


Result* 

Concen 

Salt tration 
Sodium Chloride 0.14 M 10 
Sodium Arsenate 0.2 M 10 
Potassium Oxalate 0.2M 6 
Sodium Citrate 0.2 M 5 


Undil.** 1:4 1:16 1:64 


* Total grading score. Maximum is 12 (4 each for “L.E. 
cells,’’ rosettes, ‘‘globs'’) 


** Dilutions indicated are those of the L.E. serum 


(diluted with normal serum) 


due to proteolysis, since, under the conditions de- 
scribed in Part I, D, the “L.Ie. cell” inhibitor was 
also destroyed by proteolytic enzymes. 


EI. Effect of magnesium ton binding anions on 
“LE. cell” phenomenon 

Since intracellular DNase is thought to play 

“L.E. cell” phe- 


nomenon, anionic DNase inhibitors were tested. 


a part in the production of the 


These ions are thought to act by binding Mg", 
which is required for optimal DNase activity. The 
WEC buttons were suspended in 0.5 ml. of the 
electrolyte solution, followed by 0.5 ml. L.E. se- 
rum. Thus, the final concentration of the salt was 
approximately one-third that indicated in Table 
IV, which presents the observed results. Definite 
inhibition by citrate, oxalate, and arsenate, in order 


of decreasing effect was apparent. 


INHIBITOR OF DESOXYRIBONUCLEASE AND 


DISCUSSION 


The experimental data demonstrate the presence 
in human leucocytes of an inhibitor for human 
serum DNase, and an inhibitor of the “Lf. cell” 
phenomenon. 

These inhibitors do not permeate a cellophane 
membrane, are destroyed by heating to 100°C but 
are stable at 56°C, are stable at — 20°C for sev- 
eral months and at O-2°C for at least several days. 
They are destroyed by a number of proteolytic en- 
zymes, but not nucleolytic enzymes. Extremes 
of pH also destroy the DNase inhibitor. [Efforts 
at purification and further physico-chemical char- 
acterization of the factor or factors are in progress. 

The DNase inhibitor reveals species specificity 
to some extent (only in the rabbit ts the same de- 
gree of inhibition obtained as in the human). It 
may be suggested that the specificity is due to the 
requirement for a hypothetical serum  co-factor. 
However, inhibitors prepared by freezing and 
thawing WBC in their own plasma, which would 
contain the hypothetical co-factor, reveal the same 
specificity as do saline extracts. Thus, the speei- 
ficity is probably a function of differences in DNase 
from various species. Immunologic differences in 
DNases have already been demonstrated by Me- 
Carty (20). 

That the inhibitors are present in the leucocytes 
The 


only other elements regularly present are throm 


is apparent from the method of preparation. 
bocytes. However, potent inhibitors were obtained 
from the WBC of a patient with severe thrombo 
cytopenia. The inhibitors are found in the super 
natant upon rupturing the cells m= saline. Al 
though this fraction is ordinarily regarded as eyto- 
plasmic, it undoubtedly includes some proteins of 
nuclear origin. The eytological localization of the 
inhibitors is, therefore, unsettled, 
Desoxyribonuclease inhibition by cell extracts 
has also been reported by others. The inhibitor 
of yeast DNase which Zamenhof and Chargaff 
(13), obtained from yeast, resembles the inhibitor 
in WBC described in this paper in its species speci 
ficity (for yeast), in its instantaneous effect upon 
the enzyme activity, and in its protein nature, but 
in 5 minutes). 
(20) 


(22) 


is less stable (destroyed at 56°C 


Dabrowska, Cooper and Laskowski and 


Cooper, Trautmann and Laskowski pre- 


pared an inhibitor of bovine DNase from several 
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avian and mammalian organs. These inhibitors 
were also proteins and were very unstable. This 
instability interferes with the separation of excess 
DNase activity from the inhibitor content of cell 
extracts since both DNase activity and inhibitor 
are destroyed at 56°C. Thus, these inhibitors 
differ from ours both in lack of species specificity 
and in stability. 

Henstell and Freedman (23, 24) have recently 
reported on the preparation of an inhibitor of bo- 
vine DNase from leucocytes by the dilution of 
whole blood 1: 100 or 1; 1000 with water. Their 
inhibitor appears to be very similar to that of Las- 
kowski’s group in its non-specificity and instability. 
It’ differs from that reported by us, because it is 
potent in very great dilution and is less, rather 
than more, abundant in immature cells. It is ap- 
parent that we failed to observe the inhibitor re- 
ported by these authors because of its instability, 
since several hours were required for the prepara- 
tion of the inhibitor in leucocytes, and it was not 
tested on the day of preparation. 

Bernheimer and Ruffier (25) isolated a specific 
DNase inhibitor from streptococci. This inhibitor, 
however, differs from that described here in be- 


ing destroyed by ribonuclease but not by proteoly- 
tic enzymes, thus indicating its non-protein na- 


ture. It appears, then, that we have observed a 
new inhibitor from mammalian tissues, most closely 
resembling that described by Zamenhof and Char- 
gaff (13) in yeast. 

Close parallelism between the inhibitor of serum 
l)Nase described by us and the inhibitor of the 
“LTE. cell” phenomenon suggest their identity. 
The two activities are located in the same WBC 
fraction. They show the same heat stability and 
are non-dialyzable. Complete correspondence is 
not observed in the intensity of the effect, in that 
more nearly complete inhibition of serum DNase 
than of the “L.E. cell” phenomenon is usually ob- 
tained. This, however, may not indicate lack of 
identity of the inhibitors, since the intracellular 
DNase is probably less accessible to inhibitor 
added tn vitro, and the intra- and extracellular 
DNases may not be identical in susceptibility to 
the inhibitor. Proof of the identity of the inhibi- 
tors must await their further purification. 

Since the evidence suggests the identity of the 
intracellular DNase inhibitor and the inhibitor of 
the “LE. cell” phenomenon, it is probable that 


the depolymerization of DNA which characterizes 
the “L.E. cell” is secondary to a derangement of 
the intracellular DNase-DNase inhibitor system. 
This abnormality is not primary in the cell, since 
it can be induced in leucocytes from a normal in- 
dividual (26) by serum from a patient with sys- 
temic lupus erythematosus. We suggest that the 
L.E. plasma factor (27), which itself has no 
DNase activity (5), causes the release of the in- 
tracellular DNase from inhibition. The inhibition 
of the “L.E. cell” phenomenon by anionic DNase 
inhibitors, as well as by an extract which contains 
a naturally occurring DNase inhibitor, supports 
this hypothesis. 

This hypothesis led to the development of a 
“sensitized” “L.E. cell” test, using WBC, which 
had been washed to remove inhibitor. False posi- 
tive tests are not produced, perhaps because un- 
broken WBC contain some inhibitor even after 
repeated washing. This was demonstrated for the 
DNase inhibitor. Thus, the L.E. serum factor is 
still required to elicit the phenomenon. 

The fact that mature granulocytes show greater 
susceptibility to the “L.E. cell” transformation 
than lymphocytes (28) may be due to the apparent 
greater inhibitor content of the latter noted in our 
studies (Table I). Likewise, the lesser suscepti- 
bility of immature granulocytes may be attributed 
to their greater DNase inhibitor content as com- 
pared with mature leucocytes. 

Observations on the DNase inhibitor content of 
various tissues, normal and pathological, and at 
various stages of development are in progress. 
Some observations on lymphocytes, blasts, and 
granulocytes have already been referred to above. 
The possible role of a specific inhibitor of DNase 
in cellular division, growth, senescence, and the 
development of tumors, which suggests itself, is 
under further investigation. 


SUMMARY 


1. An inhibitor for human serum DNase has 
been observed in human leucocytes. It is a pro- 
tein, soluble in saline, stable at 56°C. Tested 
against several species, it is equally effective only 
against rabbit serum DNase and has little or no 
influence on some others. In its stability and 
specificity it differs from other DNase inhibitors 
previously reported. 
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has been demonstrated in leucocytes. 
Ww 


SPECIFIC INHIBITOR OF DESOXYRIBONUCLEASE AND “L. E. 


2. An inhibitor for the “L.E. cell” phenomenon 
Evidence 
hich suggests its identity with the DNase in- 


hibitor is presented. 


3. A sensitive “L.E. cell” test using washed 


WBC is described. 


is 


4. A mechanism for the “L.E. cell” phenomenon 
discussed. 
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CEREBRAL BLOOD FLOW AND OXYGEN CONSUMPTION IN 
HYPERTHYROIDISM BEFORE AND AFTER TREATMENT? 


gy LOUIS SOKOLOFF, RICHARD L. WECHSLER, RENWARD MANGOLD, 
KENT BALLS, ann SEYMOUR S. KETY 


(From the Department of Physiology and Pharmacology, Graduate School of Medicine, Unt- 
versity of Pennsylvania and the Endocrine Section of the Medical Clinic of the 


(Submitted for publication August 22, 


It is generally believed that the alterations in 
total body oxygen consumption which accompany 
functional disturbances of the thyroid gland reflect 
widespread metabolic changes in all cells and tis- 
sues (1, 2). Numerous studies have identified 
some of the tissues that participate in the over-all 
metabolic rate. 


disturbance of For example, in 


vitro, kidney, liver, heart, and skeletal muscle tis- 
sues of animals previously treated with thyroid 
substance or thyroxine display increased oxygen 
consumption (3-7), whereas kidney, liver and 
muscle of thyroidectomized animals show lower 
8). In 


man, Myers, using the bromsulphalein method, 


than normal oxygen consumptions (5, 


found the splanchnic oxygen consumption in hy- 
perthyroidism to be elevated out of proportion to 
the total body metabolic rate, although the splanch- 
mic blood flow remained essentially unchanged (9). 

In the case of the metabolic rate of the brain, 
m vitro studies have yielded controversial results. 
Cohen and Gerard (10) have found considerably 
higher than normal rates of oxygen consumption 
in minced brain tissue of rats made hyperthyroid by 
the administration of thyroid substance. Similar 
results have been obtained by Macleod and Reiss 
(11) who administered thyrotropic hormone fol- 
lowing hypophysectomy. On the other hand, no 
such increases were found by Spirtes (12) or by 
Gordon and Heming (06), and Fazekas and associ- 
ates (13) could find no difference from normal in 
the cortical oxygen consumption of both hyper- 
thyroid and hypothyroid rats. 

Studies of the effect of desiccated thyroid sub- 
stance on the cerebral metabolic rate of human sub- 
jects suffering from cretinism were made by Him- 


wich and co-workers (14). Using the thermoelec- 


1 This investigation was supported in part by a research 
grant from the Division of Research Grants and Fellow- 


ships of the National Institutes of Health, United States 
Public Health Service. 


1952; accepted December 10, 1952) 


tric flow recorder and cerebral arterio-venous oxy- 
gen differences, they found marked increases in 
cerebral blood flow and cerebral oxygen consump- 
tion following thyroid administration. Only rela- 
tive changes could be measured by this method, 
however. By means of the nitrous oxide method, 
quantitative determinations of cerebral blood flow 
and oxygen consumption in patients with hyper- 
thyroidism have failed to demonstrate any signifi- 
cant differences from normal young men (15-17). 
On the other hand, in myxedema, a markedly re- 
duced cerebral blood flow and metabolism and an 
have been 


elevated cerebral vascular resistance 


reported by Scheinberg and associates (18). Re- 
cently, Madison, Sensenbach and Ochs (19) have 
reported the results of a similar study on four hy- 
perthyroid and four myxedematous subjects, the 
Us- 


ing as normal controls the values obtained when the 


latter studied both before and after therapy. 


myxedematous subjects were made euthyroid by 
treatment, they failed to find in untreated myx- 
edema the decrease in cerebral metabolic rate de- 
scribed by Scheinberg, although the circulatory 
In their hy- 
perthyroid group, however, in contrast to the pre- 
vious studies of Sokoloff and his coworkers (15, 
16) and Scheinberg (17), Madison and coworkers 
(19) found the cerebral blood flow to be signifi- 


findings were essentially the same. 


cantly elevated compared to that in treated myx- 
edema whereas cerebral oxygen consumption was 
normal, 

In view of the discrepancies in the previous 
studies of cerebral blood flow and metabolism in 
hyperthyroidism, it was felt that further investi- 
gation was indicated. This paper presents the 
results obtained in a larger group of hyperthyroid 
patients than previously reported. Repeated stud- 
ies in the same patients when they were in the 


euthyroid state following therapy served as con- 


trols. This provides not only a more valid basis 
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for comparison than that hitherto employed but 
also provides information on the effect of therapy 
on the blood flow and metabolism of the brain 
in hyperthyroidism. 
carbon dioxide content, carbon dioxide tension, and 


Moreover, data on blood pH, 


hemoglobin concentration are presented because 
of the known effect of these blood constituents on 
cerebral blood tlow (20). 


METHOD 


The cerebral blood flow (CBF) of eleven untreated 
patients with hyperthyroidism, whose ages varied from 
21 to 58, was determined by means of the method of Kety 
and Schmidt (21). 


seven patients when they were considered to be euthyroid 


The same studies were repeated on 
following medical or surgical treatment. Diagrosis was 


based on clinical history, physical examination, basal 


metabolic rate, the level of protein-bound iodine in the 
serum, and in some cases, the rate of I’ uptake by the 
Mean arterial blood pressure (MABP) 
was measured with a damped mercury manometer con 


thyroid gland 
nected to the femoral arterial needle. Blood oxygen and 
carbon dioxide contents were determined by the mano- 
metric method of Van Slyke and Neill (22). Arterial 
hemoglobin concentration was measured in the Evelyn 
photometer according to the modification of the method 
of Evelyn and Malloy (23). 
anaerobically at room temperature by means of the glass 


Blood pH was measured 


electrode and potentiometer and was corrected to 37° C,, 
according to the factors of Rosenthal (24). Calculations 
of the cerebral oxygen consumption (CMRo,), cerebral 
vascular resistance (CVR), and cerebral respiratory quo 
tient (RQ) en): 
Blood carbon dioxide tension (pCO,) was computed by 
means of the nomograms of Peters and Van Slyke (25) 


were made as described previously 


Each patient was in the basal state at the time of the 
study. Immediately following the procedure for cerebral 
blood flow determination, the total body metabolic rate 
was measured with a clinical Benedict-Roth metabolism 
recording apparatus. The basal metabolic rate determi 
nation was performed after the blood flow procedure so 
as to take into account at least some of the effects of ex 
the latter thus 
permitting a more valid comparison between cerebral and 
total body metabolic rates 


citement associated with measurement, 


RESULTS 

The data are presented in Tables I and II. In- 
cluded for comparison are the results obtained in 
1] normal young men, similarly studied by the 
same group of investigators over approximately 
the same period of time. No significant difference 
from the normal values previously reported by 
Kety and Schmidt (21) were found in the normal 
group. Values obtained by Fazekas and his associ- 
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ates (26) in a normal group whose age more 


closely approximated that of our patients, are also 


presented in Table I. 

In the seven patients studied before and after 
treatment, the marked fall in basal metabolic rate 
from + 57 per cent to + 7 per cent (p< 0.01) 
following therapy was not accompanied by any 
Also, the 
per 100 g. per 


significant change in CMRo,. mean 
value for CMRo, of 3.5 ce. O, 
nunute in the untreated group did not differ sig 
nificantly from that of the normal young men and 
was identical to the value obtained by; Fazekas and 
his coworkers, ina normal group of comparable age 
(26). 
tween basal metabolic rate and cerebral oxygea 


There was no significant correlation be- 


consumption in both the treated and untreated 
0,06, p > 0.1; r O18, p > O.1 
The mean cerebral blood flow of 


groups (r 
respectively 
69.0 cc. of blood per 100 g. per minute in untreated 
hyperthyroidism significantly exceeded the value 
of 54.2 in Fazekas’ group (26) and the value of 
54.8 obtained in’ the (p< 
0.05). Following treatment, cerebral blood flow 
decreased to 60 cc. per 100 g. per minute. This 
value did not differ significantly from the cerebral 


normal young men 


blood flow values obtained before therapy, in the 
normal young men, or in the comparable age group 
deserihed by Fazekas, Alman, and Bessman (26). 
The high mean values for mean arterial blood 
pressure, 104 mm. Hy, agreed closely with the 
value of 112 mm. Hg obtained by Fazekas in his 
group of normal subjects of comparable age (26). 
On the other hand, the cerebral vascular resistance 
before treatment was 1.63 mm. Hyg per ce. per 100 
g. per minute, a normal value for normal young 
men but significantly decreased for this age group 
(p< 0.05) (26). 


anemia indicated by the low hemoglobin concen- 


This can be attributed to the 
tration of 11.35 g. per cent. That cerebral vascu 
lar resistance and hemoglobin concentration are 
interrelated in hyperthyroidism is suggested by the 
significant correlation between these 2 factors (r 

+ 0.68; p< 0.02). 
panied by any significant change in mean arterial 


Treatment was not accom- 


blood pressure, cerebral vascular resistance or he 
moglobin concentration. Arterial and cerebral ve- 


nous oxygen contents were significantly lower 


than normal both before and aiter treatment (p « 
0.001) as a result of the low hemoglobin concen- 


trations. Arterial and cerebral venous pH, CO, 
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contents, and CQO, tensions were all within nor- 
mal limits both before and after treatment. Al- 
though the values for cerebral respiratory quotient 
both before and after treatment did not differ sig- 
nificantly from normal, therapy resulted in a sig- 
nificant increase from O.89 to O.98 (p< 0.05). 


The reasons for this change are obscure. 


DISCUSSION 


The finding of the same cerebral oxygen con- 
sumption in this hyperthyroid group both before 
and after effective therapy, as well as the lack of 
a significant difference between this cerebral oxy- 
gen consumption and that obtained from a normal 
group of comparable age and a normal group of 
young men, certainly suggests that cerebral metab- 
olism is unaltered in hyperthyroidism, “This is in 
agreement with previous observations in this dis- 
ease (15-17, 19). 


was found to be significantly elevated in our hy- 


However, cerebral blood flow 


perthyroid group whereas a normal cerebral blood 
We are 


In our series, 


flow was reported by Scheinberg (17). 
unable to explain this discrepancy. 
blood CQO, tensions, oxygen saturations and pH, 
known regulators of cerebral circulation, were 
found to be normal whereas hemoglobin concen- 
tration was significantly reduced. In view of the 
significant correlation between hemoglobin con- 
centration and cerebral vascular resistance in un- 


treated hyperthyroidism, it appears that the ane- 


nua in our patients offers the best explanation for 
the low cerebral vascular resistance and, conse- 
quently, for the elevated cerebral blood flow. In 
the group studied by Scheinberg, anemia may not 
have been present, but absence of data on blood 
constituents precludes further speculation. 

The normal cerebral blood flow and CMRo, and 
the greater than normal incidence of a low arterial- 
cerebral venous oxygen difference found by Schein- 
berg led him to postulate an increased extra- 
cerebral contamination of cerebral venous blood 
in hyperthyroidism (17). If, however, the origi- 
nal nitrous oxide method is employed, inde- 
pendent criteria for the recognition of extra-cere- 
21). In- 
stead of drawing integrated arterial and internal 


bral contamination are made available 


jugular venous blood samples over the full ten 
minutes, as in Scheinberg’s modification, nitrous 
oxide concentration-time curves for arterial and 
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internal jugular venous blood are constructed 

on the basis of a number of blood samples taken 

during the ten minute period. From these curves, 
Ve & 100 

So (A - V)dt 


end of each minute is calculated. 


the value of from zero time to the 


When contami- 
nation is absent or insignificant, this function falls 
rapidly over the first seven minutes and then 
levels off, and its value over the full ten minutes 
If, on the 
other hand, the function continues to fall even at 


is taken as the cerebral blood flow. 


ten minutes, then contamination is present, and 
the rate of fall is an indication of its degree. These 
criteria apply to contamination with extra-cerebral 
venous blood, the type most commonly encoun- 
tered. The remote possibility exists, however, 
that the contaminating blood may be “‘arterial- 
ized” as, for example, in case of arteriovenous 
shunts or unusually rapid blood flow through the 
extra-cerebral tissues. Any contamination of this 
type sufficient to affect significantly the calculated 
value obtained for cerebral blood flow would also 
noticeably alter the internal jugular nitrous oxide 
concentration-time curve. This curve would then 
rise more abruptly from zero, and the abrupt rise 
would be manifest in a disproportionately small 
integrated arterial-internal jugular nitrous oxide 
difference over the first minute. On the basis of 
these criteria, no greater evidence of either type 
of contamination was found among the hyper- 
thyroid patients than in the treated patients, or 
normal subjects. It appears, therefore, at least in 
our group, that the low arterial-cerebral venous 
oxygen difference in hyperthyroidism is’ simply 
the result of an elevated cerebral blood flow in the 
presence of a normal oxygen consumption. 

An explanation of the failure of the brain to 
participate in the increased total body metabolism 
in hyperthyroidism can at the present time be only 
speculative. Cerebral metabolism may be unaf- 
fected by the thyroid hormone because of an in- 
ability of the active principle to penetrate the 
blood-brain barrier. We are unaware, however, of 
any information concerning this problem. 

Scheinberg (17), supported by Fazekas (13), 
has postulated that the “cerebral metabolism nor- 
mally functions at close to its maximum rate and 
that a large part of the energy used by the brain 
goes to maintaining the structural and biochemical 


CEREBRAL BLOOD 


organization of the brain.” Supposedly, therefore, 
hyperthyroidism could not be expected to cause 
a measurable increase in cerebral 


Oxygen Con- 


sumption above the normal level. This hypothe- 
sis is questionable, in view of the recent observa- 
tions of significantly elevated cerebral metabolic 
rates in response to infusions of synthetic l-epineph- 
rine (27) and in moderate muscular exercise (28). 

A more likely explanation for the normal oxy- 
gen consumption of the brain in hyperthyroidism is 
simply that the energy metabolism of the fully de- 
veloped brain is of such a nature as to render it 
independent of the action of the thyroid hormone. 
The uniqueness of the cerebral metabolism is al- 
ready indicated in the fact that the normal brain 
derives its energy almost exclusivety from the 
utilization of carbohydrate (29, 30). Similarly, 
the testis, which is also believed to utilize only 
carbohydrate (31), has a normal oxygen consump- 
tion in hyperthyroidism (6). It appears then 
that the thyroid hormone, whose exact function 
in intermediary metabolism is still unknown, does 
not measurably alter the metabolic processes of 
those tissues which consume carbohydrate for 
On the other hand, 
Fazekas (13) has observed that in brain tissue 


energy almost exclusively. 


in which protein metabolism must be significant 
(e.g., the developing rat cortex), the oxygen con- 
sumption rises more rapidly to the normal adult 
level in induced hyperthyroidism than in the nor- 
mal or hypothyroid states. Once fully developed 
to the adult level, however, when growth and pro- 
tein metabolism become less significant, the oxy- 
gen consumption was found to be the same in the 
normal, hypothyroid and hyperthyroid groups 
(13). 
the development of the brain (13), Le., its struc- 


Since the thyroid hormone does influence 


tural and enzymatic proteins, it is likely that it is 
also involved in the maintenance of these systems 
in the mature brain. This effect in the mature 
brain, however, may be normally not detectable 
because of the low turn-over rate of these protein 
systems compared to that of the carbohydrates. 
When the thyroid hormone is insufficient ade- 
quately to maintain these systems, as, for ex- 
ample, in myxedema, then secondarily, the energy 
producing carbohydrate metabolism may be im- 
paired and this reflected in a lowered cerebral 
oxygen consumption (14, 18). 


FLOW 


IN HYPERTHYROIDISM 


SUMMARY 


1. Studies of cerebral blood flow, cerebral vas- 
cular resistance, and cerebral oxygen consumption, 
as well as mean arterial blood pressure, hemoglo- 
bin concentration, blood gases, and blood pH, 
were made on eleven untreated hyperthyroid pa- 
tients and then repeated on seven following 
treatment. 

2. Cerebral oxygen consumption was entirely 
normal and was not significantly correlated with 
basal metabolic rate. 

3. Comparison with the results of similar stud- 
ies in normal individuals indicated a moderate ele- 
vation of cerebral blood flow in untreated hyper- 
thyroidism probably because of an associated ane- 
mia. Mean arterial blood pressure was normal, 
but cerebral vascular resistance was low for this 
age group. Except for the low oxygen contents 
associated with a moderate anemia, blood gases 
were found to be within normal limits. 

4. Treatment did not result in any significant 
changes except for the decrease of the basal meta- 
bolic rate to the normal level and an increase in 
the cerebral respiratory quotient. 

5. Possible explanations for the failure of the 
brain to participate in the elevated total body meta- 
bolic rate are discussed. It 1s suggested that the 


gross energy metabolism of the brain, as reflected 


by the oxygen utilization, may be independent of 


the action of the thyroid hormone. 
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OBSERVATIONS ON THE VOLUME OF DISTRIBUTION OF 
INULIN IN ANURIC SUBJECTS! 
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Previous studies (1-5) on normal rats, dogs, 
and humans suggested that inulin was not metab- 
olized, and that it provided an accurate and re- 
producible measure of some fixed volume of body 
fluid, presumably the extracellular fluid. This 
was established on the basis of : (1) virtually com- 
plete urinary recovery of inulin after infusion (1, 
5); and (2) uniform distribution after 2 hours 
in dogs and 5 hours in man even though infusions 
were run for as long as 12 hours in the dog and 
20.5 hours in man (1). In the absence of renal 
excretion, it was assumed that at equilibrium inu- 
lin would be distributed in a constant volume, and 
since it suffered no metabolic degradation it would 
afford a reasonably constant reference for changes 
in this volume. The present study was undertaken 
in an attempt to assess this premise. 


METHODS 


Purified inulin prepared by U. S. Standard Products 
Company was used. The various lots of inulin used were 
tested for fructose content by yeasting so that the actual 
amount of inulin injected could be accurately assessed. 
Inulin determinations on sera and urines were performed 
by Schreiner’s modification of Roe’s method (6), using 
venous sera in patients and arterial sera in dogs, and 
precipitating protein by the cadmium sulfate technique. 
Blood sugar determinations were done on all subjects, 
the highest noted being 191 mgm. per cent with the great 
majority under 120 mgm. per cent. In this laboratory, 
standard glucose solutions of 100 and 200 mgm. per cent 
develop color equivalent to 1.17 and 2.23 mgm. per cent of 
inulin respectively. Hence, yeasting was thought un- 
necessary. 


Human studies 


The 13 patients included in this study all had acute 
anuria of the “lower nephron nephrosis” 


type, with a 

1 This work was supported in part by grants from the 
Office of the Surgeon General, U. S. Army, under con- 
tract No. W-49-007-MD-497 and in part by grants from 
the National Heart Institute, U. S. Public Health Service, 
and from the American Heart Association. 


2 


2 Established Investigator, American Heart Association. 


variety of causes as listed in Table I. They were oliguric 
(urine volume less than 100 ml. per 24 hr.) from 2 to 10 
days (average 7.4) before inulin was given. One intra- 
venous injection of inulin was given, with the dose rang 
ing from 4.2 to 13.6 gm. (average 7.3 gm.). The larger 
doses were administered later in the study in order that 
minimize the 


the higher serum levels obtained would 


effect of a rising serum inulinoid blank. In 2 patients, 
doses of inulin were also given 40 and 68 hours after 
the first dose. 

All patients were on a regime of strict fluid restriction 
(500 to 800 ml. per day). During the & to 96 hours 
that serum inulin levels were followed, 7 patients lost an 
average of 1.1 kg. of body weight; 3 gained an average 
of 0.9 kg.; 2 had no change in weight; and 2 did not have 
second weighings. 

In all cases, serum inulinoid blanks were determined 
prior to injecting inulin. Serial venous samples were 
obtained at varying intervals for 8 to 96 hours after 
injection. All urines were collected and analyzed for 
inulin; in 10 of 13 patients the volume of urine amounted 
to less than 100 ml. in the 24 hours after injection 

The apparent volume of distribution of inulin at any 
given time was calculated by dividing the amount ad- 
ministered (I), less the amount excreted in the urine (U), 


TABLE I 


Cause, duration and weight change of oliguria 
in human subjects 


Weight 
Days of change 
Pt Diagnosis oliguriat in kg.** 
E. B. Sulfa, ? Shock 5 0 
Infectious Hepatitis 
CG Acute Yellow Atrophy 6 0 
T HgClh, Intox. +-0.4 
Prem. Sep. Placenta 
A. W. Bilat. Cortical Necr. 8 29 
OR Op. Shock—? Tx* 6 1.0 
R.A. Tx*—Bleeding Ulcer 9 -0.8 
Tx*—Incompl. Abortion 8 -1.2 
M. R. Tx*—Postpartum 9 ~0.2 
A.S. Meningitis—— ? Shock 9 ? 
D. B. Idio. Myoglobinuria 7 +1.6 
oi ? Induced Abortion, 5 0 
Intravasc. Hemolysis 
E. B. CCI, Intox. 10 +0.8 
P. Mc Tx*— Postpartum 2 0.6 


* Tx = Transfusion Reaction es 
t Less than 100 ml. urine per day (before inulin) 
** During Inulin Study 
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by the serum inulin level (C) less the pre-injection blank 


(B) V CoE This volume then was expressed 
as a percentage of the body weight at time zero. 
calculated at 8, 24, 48, 72, and 96 


tion, in cases in which it was possible to continue the study. 


Spaces 
were hours after injec 


Inulin could not be detected in any significant amount 


in vomitus or feces, after preparing protein-free filtrates 


and performing determinations by the same methods as 


used for blood and urine. Urinary recovery of inulin dur 
ing the post-oliguric diuresis was inaccurate because the 
amount excreted was masked by the high urinary inulinoid 
blank values 

Urinary inulinoid blank values were studied in several 
these varied from 


patients who did not receive inulin; 


1] to 32 mgm. per cent 


Animal experiments 


Studies were performed on 6 bilaterally nephrectomized 
dogs. Two were used to study the increase of inulinoid 
blank values alone as uremia progressed. In the 4 
dogs, which lived 7 or more days, a single intravenous dose 
of inulin was given 20 hours after nephrectomy ; the 
age used was 0.2 gm. per kg. in 1 dog, 1.0 gm. per kg. in 
3. These animals were given daily vitamins, antibiotics, 
They received noth- 
fifth 
daily be- 


other 


dos- 


and intravenous hypertonic glucose 
ing by mouth. Four dogs did not vomit until the 
day or later; 2 others vomited less than 50 ml. 
fore the fifth day. One had 
Fluid was restricted to permit an average weight loss 
of approximately 0.1 kg. daily. The initial weights of all 
Arterial serum samples were 


animal severe diarrhea. 


dogs approximated 20 kg 
used for analysis ; 


calculated as for the patients. 


otherwise, spaces were determined and 
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INULIN SPACE 


% BODY WEIGHT AT 0°) 


% BODY WEIGHT 


TIME IN HOURS 


Fic. 1 


RESULTS 
The of inulin 
(“inulin space’) in patients at 8 hours averaged 
24 per cent of body weight (20.8 to 31.0 per cent). 
Twenty-four hour spaces in 10 patients averaged 


apparent volume of distribution 


TABLE Il 


Inulin spaces in anuric patients* 


Inulin 


dose 
Serum 


level 


Serum 


Space 
level = 


Mgm./ 


Mem./ 
100 ml 


100 ml. 


= 


21.6 17.0 
24.5 
23.3 
26.7 
29.0 
32.0 
32.0 
37.8 
49.8 
54.4 
56.8 
68.0 
86.4 


Nm 


wwe 


Cow 


~ 
~~ 


ND 


nwa 
Na 


9.7 
| 13.6 


Average 


Range (20.8-31.0) | 


24.0% | 


24 Hr. 


48 Hr 96 Hr. 


| 
| 
| 


Serum Serum | 
level | level 
| 


Space Space 
Megm./ 
100 ml. 


Megm./ } 
100 ml. 


| 
| 
| 
| 


$1.0 
44.6 


31.5 


45.2% 
| (31.7-53.6) 


| 31.5% | 
| (28.4-38.6) 
| | 


for pre-injection inutinold blank. 


45) 
| 
40) 
35) ZL 
| 
20) 
| 8 Hr. | 
| _| 
A.W. | 9% 270 15.6 240 | | 
| 71 | 
Ci. | | 349 13.7 386 | 70 | 53.6 
eG. | | | 25 | 
D.T. | $1.2 | 336 | | | 
R.A. | 57.8 | 296 | 230 | 296 | 180 | 317 
AS. | 85.0 | | | 
M.R. | 584 | 370 | | 
Lp. | 73 | 
D.B. | 84 i 32.6 | | | | 
E.B. | 58 30.7 | 485 | 20.0 
P.Me. | 70.2 | | 23.0 | 
| | 30.2% | | 
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30.2 per cent (23.5 to 37 per cent). Spaces of 4 


patients followed for 96 hours averaged 45.2 per 


cent (32 to 53.6 per cent). The data are shown in 
Table I] and represented graphically in Figure 1. 

In 2 of the above patients, repeat space deter- 
munations were made at 40 and 68 hours, by giv- 
ing an additional dose of inulin, correcting for pre- 
injection inulin level and calculating the space at 
8 hours after this second injection. In one patient 
the first measurement was 16.8 liters and on re- 
peating the determination with a second dose of 
inulin 40 hours later the space was 19.3 liters. 
In the second patient, the initial measurement was 
16 liters and the second measurement 68 hours 
In the first patient the 40 
hour “space” calculated from the disappearance 


later was 17.5 liters. 


curve of the initial inulin was 33 per cent and in 
the second patient a 68 hour space similarly cal- 
culated was 59 per cent. 

In an effort to determine the effect of anuria 
on the serum inulinoid blank, 2 bilaterally nephrec- 
tomized dogs were studied for 117 and 164 hours 
respectively without giving inulin. In each case, 
there was a gradual and progressive rise in the se- 


INULIN 
MG /IOOML. 


BODY 
WEIGHT 
60) 200 


DISTRIBUTION 


OF INULIN IN ANURIA 211 
rum blank values from an initial value of 1.7 and 
1.5 mgm. per cent to 7 mgm. per cent at 117 hours 
and 11.5 mgm. per cent at 164 hours. 

One bilaterally nephrectomized dog was given 
inulin in an amount similar to that given patients 
(0.2 gm. per kg.). 
level, corrected for zero hour blank value, was 95 


At 2 hours, the serum iulin 


mgm. per cent with an inulin space of 17 per cent 
of body weight. At 120 hours, the actual serum 
level was 16 mgm. per cent, but if corrected for 
the serum blank at 120 hours, as determined in the 
contrast study, the true serum inulin level ap- 
proached the serum inulinoid blank value. 

To minimize the effect of varying serum blanks, 
3 bilaterally nephrectomized dogs were given large 
doses of inulin (1.0 gm. per kg.). Initial serum 
levels ranged from 530 to 600 mgm. per cent and 
the 2 hour spaces were 18, 18.4 and 19 per cent of 
body weight. In each instance, there was a gradual 
and progressive decline in the serum levels, aver 
aging 0.5 per cent of the administered dose per 
hour. 

One animal died at 95 hours with a space of 31 


per cent. A second dog’s space was 40.5 per cent 


INULIN SPACES 
NEPHRECTOMIZED DOGS 


DOSE- 1 GM. / KG. 


006 NO.4 ... 
006 NO.S 


TIME IN HOURS 


Fic. 


? 
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at 133 hours and the third showed an “inulin space” 
of 50 per cent at 150 hours. The results are shown 
in Figure 2. It is interesting to note that the val- 
ues for serum levels and inulin spaces are virtually 
identical in all 3 animals, particularly since one 
dog had severe diarrhea and the others did not. 
In this case, loss was carefully measured and re- 
placed by intravenous fluids. 

In order to exclude the possibility of inhibiting 
substances in uremic serum, known amounts of 
inulin were added to the serum of both humans and 
dogs and allowed to incubate at body temperature 
under sterile conditions for varying periods up to 
24 hours. Recovery was 98 to 101 per cent in all 
tests. 

In addition, sera from 4 patients, who received 
inulin, were analyzed before and after 6 hour runs 
on the Kolff artificial kidney. 
periment blood urea nitrogen concentration was 


In a typical ex- 


decreased from values of 313 mgm. per 100 ml. 
to 65 mgm. per 100 ml. with comparable changes 
in other retained metabolites. Inulin 
the 4 patients decreased 2 to 4.5 mgm. per cent. 
Three patients who had not received inulin were 
studied in a Initial inulinoid 
blanks varied 2.5 to 4.9 mgm. per cent. Values 
following dialysis were reduced by 2 to 4 mgm. 


values in 


similar manner. 


per cent. Thus, it appears that the inulinoid blank 
diffuses through a cellophane membrane whereas 
inulin does not. 

DISCUSSION 


The data presented indicate that inulin does 


not equilibrate in any fixed volume of body fluid 


in anuric patients as shown by the steady and 
continuous fall of inulin levels. That this decrease 
in inulin concentration could not be accounted for 
by urinary or other losses or by interference with 
the determination is suggested by the following : 

(1) Total urinary inulin content was small dur- 
ing space studics and urinary inulinoid blank values 
were high. 

(2) Inulin could not be detected in significant 
amounts in the gastrointestinal contents. The 
possibility of degradation of inulin in the gastro- 
intestinal tract prior to analysis must be consid- 
ered, but evidence from experiments on dogs does 
not support this supposition, since the 3 animals 
receiving large doses of inulin show practically su 
perimposable curves for both serum inulin con- 


centrations and “inulin spaces.” Of these, 2 ant- 
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mals had minimal gastrointestinal losses, while 
one had severe diarrhea throughout the study, 
replaced volume for volume by saline. This argues 
against loss of inulin into the gastrointestinal tract. 

(3) Incubation of inulin with uremic (anuric ) 
sera at body temperature for as long as 24 hours 
did not prevent complete recovery of inulin. Thus, 
it seems unlikely that interfering substances in- 
validate the determinations. 

The serum inulinoid blank is high in uremia 
and rises in anuric dogs from initial concentrations 
of 1 to 3 mgm. per cent to as high as 12.5 mgm. 
per cent in our studies. 
in different subjects and cannot be correlated with 
Glu- 


cose contributes to this blank about 1 mgm. per 


This change is variable 
blood urea levels or other indices of uremia. 


cent per 100 mgm. per cent glucose. In our series, 
the glucose levels did not vary greatly and did not 
become high enough to account for the high blank 
The cause of this high inulinoid 
Our observations 


values observed. 
blank has not been determined. 
on patients undergoing hemodialysis indicate that 
the artificial kidney will remove some substance 
or substances present in the blood responsible for 
the elevated blank values in uremia. 

When smaller doses of inulin are given (0.2 gm. 
per kg.), the blank factor becomes very significant 
after 3 to 4 days of anuria. In the experiments on 
dogs if the serum inulin levels of one animal are 
corrected for the blank value observed in another, 
serum levels approach the blank value between 100 
to 160 hours. 
disappeared from the serum, indicating an inulin 


Therefore, virtually all inulin has 


space of nearly 100 per cent of body weight. If 
large amounts of inulin are administered (1 gm. 
per kg.), the blank factor becomes insignificant. 

The observations relating to this subject made 
by other workers may be summarized as follows: 


(1) Gaudino and Levitt (2) studied 3 bilater- 
ally nephrectomized dogs utilizing a single injec- 
tion of inulin. They stated that a uniform distribu- 
tion was obtained in 1 to 2 hours, a period similar 
to that observed in‘normal dogs. However, it was 
noted that the inulin space began to increase after 
6 hours. This was attributed to a terminal patho- 
logical shift of intracellular water. 


(2) Kruhgffer (3) 
rabbits 


studied 13 nephrectomized 
and one nephrectomized dog. In_ the 
former, equilibration of inulin had not occurred 


when followed as long as 10 hours. In the latter, 
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the inulin space was still expanding at 12 hours. 

(3) Berger and his coworkers (7) measured 
inulin spaces in 6 nephrectomized dogs. In all 
animals, a slow and continuous fall in inulin plasma 
levels was noted, varying from 0.15 to 0.72 per cent 
per hour (our animals averaged 0.5 per cent per 
hour). They attributed this to either slow metab- 
olism or changing cellular permeability. 

(4) Cotlove (8) analyzed inulin and chloride in 
rat muscle after infusions of 1, 2, 6 and 15 hours. 
The inulin space showed a progressive approxima- 
tion to the chloride space with increasing time of 
infusion. 

(5) Nichols and his associates (9) studied & 
dogs after a single injection of inulin. Inulin 
spaces in muscle showed a continuous increase 
from 3 to 6 hours. 
yond this period. 


Studies were not carried be- 


Among possible explanations for the observed 
data, the following are to be considered: (a) a 
metabolic degradation of inulin, (b) a valid ex- 
pansion of the extracellular fluid space during 
anuria, and (c) a shift of inulin into cell, bone, or 
connective tissue or other body water not included 
in the “extracellular fluid” as defined in 6 to 8 
hour “inulin space” in normal subjects. 

A real expansion of extracellular fluid prob- 
ably does occur in many anuric patients who are 
overhydrated, but this cannot explain changes of 
the magnitude observed. The calculated “inulin 
spaces” in patients reached values as high as 40 
to 50 per cent of body weight without clinical evi- 
dence of over-hydration. Furthermore, in dogs, 
which could be followed longer, the “inulin spaces” 
reached the impossible value of nearly 100 per 
cent of body weight. 

The other possibilities are more difficult to ex- 
clude, and additional studies are necessary to de 
termine which is correct. Nichols and associates 
(9) observed that the inulin space determined by 
tissue analysis of muscle and connective tissue of 
anuric animals, gradually increases after an in- 
jection of inulin. However, this would not ex- 
plain the magnitude of change we observed in dogs 
given large doses of inulin. Because of this, it is 
probable that destruction of inulin does occur 
either in the extracellular fluid or after penetration 
into cells or both. If so, it is possible that there is 
a similar, slow degradation of inulin in non-anuric 
subjects which cannot be detected by the methods 
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now employed to measure inulin space. Such a 
loss is apparent in the data of Gaudino and Levitt 
(2) although they attribute it to redistribution of 
fluid. 

SUMMARY AND CONCLUSIONS 


1. Thirteen patients with acute anuria were 
A steady 
and continuous fall of the serum inulin levels and 


studied using a single injection of inulin. 


rise in “inulin space” values was observed. 

2. A similar phenomenon was noted in bilater 
ally nephrectomized dogs and could not be ex 
plained by changing blank, external losses, dilu- 
tion or interfering substances. 

3. The volume of distribution of inulin as cal 
culated from serum levels after a single dose in the 
anuric subject shows a progressive increase, the 
magnitude of which probably indicates a disap- 


pearance of the injected inulin rather than a valid 


increase in “inulin space.” 
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THE VALUE OF NEEDLE BIOPSY IN THE CHEMICAL ESTIMA- 
TION OF LIVER LIPIDS IN MAN! 
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INTRODUCTION 


Specimens of liver tissue obtained by needle bi- 
opsy may be subjected to various forms of study. 
Our interest in the fatty liver has led to the de- 
velopment of micro-chemical methods based on 
standard techniques for the quantitative analysis 
of lipids in the liver specimens in order to supple- 
The 


value of such determinations is dependent on the 


ment the histological information obtained. 


extent to which the specimen of liver obtained by 
the needle method is representative of the liver 
as a whole in respect to lipids. Some workers have 
questioned the validity of the lipid values obtained 
on analysis of a single liver specimen and have felt 
that particularly in cirrhosis marked variation in 
Waldstein and 
(1) using the needle technique have, however, 


lipid content can occur. Szanto 
reported that histological examination of specimens 
obtained at necropsy from 9 patients with cirrho- 
sis, 2 cases of toxic hepatitis and 4 “normal” pa- 
tients, indicates that fatty metamorphosis is uni- 
form throughout the human liver. Rourke and 
Stewart (2), and Theis (3) have also shown by 
chemical analysis of 1 gram samples taken from 
different sites in the liver that the distribution of 
lipids is relatively uniform. 

In the present study, specimens of liver have 
been taken from 18 different sites in each of 25 
livers and examined chemically and histologically 
for lipids. The variation in lipid content in the 
different specimens is reported and the influence of 


cirrhosis on the interpretation of the findings is 


discussed. 
TECHNIQUES 

Material 

The livers used in this study were obtained from pa 
tients at the Cincinnati General Hospital who had died 

' Aided by grants from Samuel Freedman, the Robert 
Gould Research Foundation, the Milton Brown Memorial 
Fund, and the John Eisman Memorial Fund 


1952; accepted December 10, 1952) 


from a variety of diseases (Table I). In the selection 
of material preference was given to livers showing gross 
evidence of cirrhosis and/or fatty vacuolization, so that of 
the 25 livers examined there were 13 non-fatty livers 
(Group [), 5 of which were cirrhotic, and 12 fatty livers 
(Group II), 4 of which were cirrhotic. Necropsies were 
performed within 6 hours of death, and the liver was then 
removed for immediate analysis. Kalli and her associ- 
ates (4) have shown that in dogs autolysis during the 
first 6 hours after death does not cause appreciable change 
in the lipid content of the liver. 

Using the Vim-Silverman needle, specimens of liver 
tissue were obtained from approximately 18 different sites 
as indicated in Fig. 1. Position 5 was that from which 
biopsy samples are usually obtained in living subjects 
using the intercostal approach. The sample was immedi- 
ately removed from the needle with forceps, dried with 
gauze to remove adherent blood and cut into two; one half 
used for histological examination and the other, weighing 


5 to 8 mg., for chemical analysis. 


Weight measurements 


In the present work all weighings were made using a 
single beam quartz fibre balance as described by Schmidt- 
Nielsen and Taylor (5). This was constructed to take a 
maximum load of 12 mg. Calibration showed that there 
was a linear relationship between the dial reading and 
the load and that 280 scale divisions were equivalent to a 


load of 1 mg. An error of less than 1 per cent was ob- 


RIGHT LOBE 


LEFT LOBE 


Posit1Ions IN LIVER FROM WHICH NEEDLE 
SPECIMENS WERE TAKEN 
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served for samples weighing 1 mg. whereas with larger 
samples the error was even smaller. Reproducibility of 
weighings was found to be excellent, and the speed at 
which these could be carried out proved advantageous 
Wet weight 
liver tissue obtained by the needle method there is con 
siderable Schmidt-Nielsen and 
Taylor (5) showed that the rate of water loss from a 
section of fresh rat liver is constant for several minutes 
after it is cut. They obtained the wet weight of the 
fragment by making repeated weighings and then extra 
polating back to zero time 


In the course of weighing specimens of 


evaporation of water. 


The same method was found 
to be applicable to the determination of the wet weight of 
liver specimens obtained by the needle method. 

As soon as the needle was opened for the removal of 
the specimen a stop watch was started and the portion to 
be used for chemical analysis transferred to a glass hook 


of known weight (approximately 1 mg.). The hook was 
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LIVER LIPIDS 


then placed on the balance and weighings were made at 


15 second intervals for the next 2 minutes 


The results 
were plotted on graph paper and the straight line obtained 
was extrapolated back to zero time to give the wet weight 
(Fig. 2) 
Dry weight. 24°C 


and then dried in vacuum over anhydrous calcium sul 


The liver specimen was frozen at 


phate for 48 hours after which there was no further loss 
in weight. When dry, the specimen adhered to the glass 
hook, which could then be used as a carrier in all subse- 
quent operations. Repeated drying in an oven at 105°C 
did give further small losses in weight, attributable to the 
loss of volatile substances other than free water. It ts 
not possible to obtain exactly comparable results using 
the two methods for obtaining dry weights. The vacuum 
drying technique, however, has the advantage that oxi 
dation of the lipid matter is prevented 


Total lipid content; Directly after weighing, the hooks 


FABLE I 


Summary of clinical and histological data 


Weight 
of liver 
Patient Cause of death £ 


Group 


Carcinoma 950 
prostate 
Lobular 
pneumonia 
Subdural 
hematoma 
Gunshot wound 
Lobular 
pneumonia 
Carcinoma 
prostate 
Myocardial 
infarction 
Gunshot wound 


I(a) 
1050 


1500 


1050 
1005 
1205 
1525 


Lung abscess 1600 
Myocardial 1275 
infarction 
Cerebral 
softening 
Peritonitis 
Perforated 

peptic ulcer 
Cerebral 
thrombosis 
Myocardial 
infarction 

Lobar pneumonia 
Lobar pneumonia 
Intracerebral 
hemorrhage 
Acute liver 
necrosis 

Diabetic coma 
Lobar pneumonia 


1660 


II (a) 


2000 


3175 
2000 
4080 
3900 


Portal cirrhosis 
Portal cirrhosis 
Portal cirrhosis 
Septicemia 


* Determined on dry tissue only. 
t N.D.A.R.: No diagnostic abnormalities recognized. 


Histological 
classification 
ot liver 


N.D.A.R.t 


Histological 
estimation 
of tat 


lipids 
Mean +5.) 
100 liver 


Absent 5.0 + 08 
N.D.A.R. 


N.D.A.R. 


Absent 5.1 + 0.8 


Slight +0.8 
N.D.A.R. 


Acute passive 
congestion 
Acute passive 
congestion 


Slight 
Absent 


Slight 
Absent 
Chronic nonspecific 
hepatitis 


Portal cirrhosis 
Portal cirrhosis 


Slight 


Slight 
Slight 
Portal cirrhosis Absent 


Portal cirrhosis 
Portal cirrhosis 


Slight 
\bsent 
Acute passive Moderate 
congestion 

Fatty vacuolization Severe 
Moderate 
Slight 
Severe 


Fatty vacuolization 
N.D.A.R. 

Severe fatty 
vacuolization 

Fatty vacuolization. 
Massive necrosis 
Fatty vacuolization 
Severe fatty 
vacuolization 
Portal cirrhosis 
Portal cirrhosis 
Portal cirrhosis 
Portal cirrhosis 


Moderate 


Moderate 
Severe 
Severe 
Severe 
Severe 


t Insufficient chemical analyses for statistical analysis and inclusion in Fig. 6. 


‘= 

€ 

M.D. 

P: 5.2 + 0.4 

A.W. 6.1 + 0.5* 

4.3 + 0.3* 
6.9 + 0.6 
I(b) 7.0 + 0.9 
CH. 5.0 + 0.7 
4.8 + 0.6 

(3. 'S: 4.3 + 1.0 
HD. 6.2 + 0.5 

13.8t 

W. D. 94 + 0.7 

W.G. 8.9 + 0.7 

33.5 + 1.8° 

E. N. 12.9 + 1.3* 

J.B. 9.5 + 0.7 
00 + 2.9 : 

II(b) V.M. 28.3 + 4.1 

die Xe 20.0 + 3.5 

M. T. 30.1 + 2.9 ; 

Moderate 14.9 + 2.2 
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Wt of hook * wet liver= 2016 scale divisions? 720 mgm 


Time in minutes after opening of needle 
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DETERMINATION OF Wet WEIGHT oF NEEDLE SPECIMEN OF LIVER BY 


MEASUREMENT OF THE RATE OF Loss OF WATER 


with the dried liver specimens were placed in glass tubes 
(80 mm. long and 4 mm. diameter), sealed at one end. 
Five hundred zl. ethyl alcohol (or Bloor’s Reagent, con- 
taining 3 volumes alcohol to 1 volume ethyl ether) were 
added and the open end of the tube was sealed. The glass 
vials were then kept in an incubator for 48 hours at 60°C 
and shaken at intervals. After cooling, aliquots of the 
solvent were used for lipid analysis. The liver specimens 
were dried and reweighed and the difference between this 
weight and that of the dried tissue was taken to be the total 
lipid content. 

Preliminary experiments showed that further extrac- 
tion with fresh alcohol produced no appreciable change in 
the weight of the lipid free residue even with the very 
fatty livers, and that under the above conditions ethyl al- 
cohol and Bloor’s Reagent were equally satisfactory ex- 
tracting agents. In several instances 10 g. specimens of 
liver from which needle specimens had been taken were 
dried and extracted with ethyl alcohol in a Soxhlet ap- 
paratus and the results obtained compared favorably with 
those of the needle specimens. The macro-method in 
these cases gave results of 16.5, 19.4, 16.1, 35.8, 11.8, 15.8 
and 11.4 g. per 100 g. dry liver respectively as compared 
with 15.6, 19.0, 15.3, 36.0, 10.8, 15.9 and 11.4 g. by the 


micro-method. 


Chemical analysts of lipids 


Constriction pipettes were used for all volumetric meas- 
urements made in the following determinations (Linder- 
strém-Lang and Holter [6]). 

Phospholipids: Three hundred ul. of the alcoholic ex- 
tract were used for the determination of lipid phosphorus. 
The alcohol was removed by evaporation in a boiling wa- 
ter bath and 500 wl. SN H,SO, were added. The samples 


were heated at 90°C for 2 hours and then at 160°C until 
charring had occurred. Two hundred and fifty #l. 30 
per cent hydrogen peroxide (superoxol) were added to 
the samples, the blank (500 ul. 5N H,SO,) and the 
standard (prepared in 500 ul. 5N H,SO,) and all were re- 
heated for an hour at 160°C after charring had disap- 
peared. When necessary more H,O, was added to all the 
tubes, which were reheated for 1 hour at 160°C to re- 
move excess H,O,. After cooling 3 ml. water, 1 ml. 10 
per cent sodium molybdate and 1 ml. 0.5 per cent p-methyl 
aminophenol sulphate in 3 per cent sodium bisulphite were 
added and in 15 minutes the color developed was read 
using a Beckman Spectrophotometer at 660 mz. The 
lipid phosphorus content was multiplied by 25 to give 
the value for phospholipid. 

Total fatty acids and iodine number: The total fatty 
acids and their iodine number were determined on 140 ul. 
of the alcoholic exract using the micro-methods described 
by Schmidt-Nielsen (7-10). The extract was pipetted 
into a vial of thin glass (60 mm. x 3 mm.) and the al- 
cohol immediately removed in a vacuum desiccator. 
Twenty ul. 50 per cent alcoholic KOH were used to 
saponify the lipids in the presence of 60 wl. toluene. The 
tube was sealed and placed in a water bath at 80°C for 
30 minutes. After cooling, the vial was centrifuged for 
1 minute and the alcohol and toluene removed in a vacuum 
desiccator containing paraffin shavings. Fifty-seven ul. 
N/2 HCl! were added to acidify the mixture and 60 ul. 
toluene were pipetted for the extraction of the fatty acids. 
The tube was immediately sealed and shaken 30 to 50 
times to obtain complete extraction. After centrifuga- 
tion for 1 minute, aliquots of the toluene layer were 
taken for titration of the fatty acids and iodine number. 
The quantities of toluene extract used were adjusted so 
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that for the fatty acid determination not more than 100 
ug. of fat was present, while the maximum amount pos- 
sible was available for the iodine number determination. 
The latter was found to give reproducible results when 
there were 30 ug. fatty acids or more present; with smaller 
quantities the difference between the blank and the titra- 
tion reading was too small to give accurate results. A 
solution of 284.5 mg. stearic acid per 100 ml. toluene was 
used for the standard and all readings for the fatty acids 
were expressed in terms of the equivalent amount of 
stearic acid. 


Histological techniques 


The portion of tissue taken for histological examina- 
tion was fixed in 10 per cent formalin prepared with 2 
per cent calcium acetate. Part of the specimen was sec- 
tioned in paraffin and stained with hematoxylin-eosin. 
Frozen sections were made of the remainder; these were 
stained with Sudan 1V, Oil-Red O and Sudan Black. 

Each section was graded for visible fat using the 
designations of “absent,” “slight,” “moderate” or “severe.” 
If no vacuolization could be found, with hematoxylin- 
eosin staining, the designation of “absent” was used, even 
though these sections might be faintly positive for lipid 
with fat stains. When only spotty fatty vacuolization 
was noted, the section was graded as “slight.” The fat 
infiltration was regarded as “moderate” when not more 
than one third of the cells contained fat. Sections in 
which the fatty vacuolization was greater than this were 
given the classification of “severe.” 
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RESULTS 


A liver has been designated “fatty” if the lipid 
content is greater than 8 g. per 100 g. liver, or if 
the fatty vacuolization was classified as “moderate” 
or “severe.” 


Percentage of dry matter 
The amount of dry matter was determined in 
each of the specimens examined. In non-fatty 
livers the mean values ranged between 22 and 33 
per cent with an average of 27.9 per cent (te., 
72.1 per cent water content). In fatty livers a 


rough linear relationship was found between the 


percentage of dry matter and the amount of lipid 
in 100 g. dried tissue; this finding confirms the 
observations of other workers using macro-tech- 
niques (ger [11] and Halliday [12]) (Fig. 3). 
This relationship was not apparent in non-fatty 
livers. 
Total lipids 

The results obtained for the total lipids in 13 
non-fatty livers and 12 fatty livers have been ex- 
pressed as g. lipid per 100 g. wet liver and have 
been recorded in Figs. 4, 5, 6, 7 to show the varia- 
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Total Lipids (gm. /100 gm. dry liver) 


Fic. 3. THE RELATIONSHIP BETWEEN THE NUMBER OF GRAMS OF Dry MATTER 
PER 100 Gc. Wet Liver AND THE NUMBER OF GRAMS OF ToTAL Lipips PER 100 a. 
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TABLE Il 


Variations in the dry matter, lipids and visible fat in needle specimens from a ‘‘normal” liver (F. C.). 


Group I(a) 


Dry Total 
matter lipids 
g/1008 
wet liver wel liver 


31.6 64 
33.4 
33.9 
34.0 
33.3 
33.7 
33.2 
33.0 
34.7 
32.9 
32.5 
33.9 
33.3 
34.5 
31.4 
33.4 
33.0 
34.5 
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In this and subsequent figures the interrupted vertical 
line indicates the mean value for the analyses. 


Table 1 


Total fatty 
acids lipids 
g./100 
wel liver wet liver 
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Histological 
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tion found in the different specimens from each 
liver. Tables II, II], IV, V give the detailed re- 
sults obtained in a case representative of each 
In neither the non-fatty nor fatty 
livers was there a consistent difference between the 
lipid concentrations in the right or left lobes of the 
liver. 

In 4 livers (marked with an asterisk—Table I) 
the lipid concentration of the specimens was de- 


group studied. 


termined in dry tissue only and approximate wet 
weights were calculated using Fig. 3 so that the 
results could be recorded in g. per 100 g. wet liver. 

Non-Fatty (Fig. 4, 
Table Il): Eight livers with no histologic evi- 


Livers: Non-Cirrhotic 


dence of intrinsic disease were examined. Values 
ranging from 3.5 to 7.8 g. lipid per 100 g. wet 
liver for individual specimens were recorded giv- 
ing a mean value of 5.7 g. lipid per 100 g. wet liver 
for the group. 

Cirrhotic (Fig. 5, Table III) : Five of the livers 
studied were found on histological examination to 
be cirrhotic and to have only minimal fatty vacu- 
olization. Values for individual specimens ranged 
from 2.3 to 8.7 g. lipid per 100 g. wet liver giving 
a mean value for the group of 5.5 g. per 100 g. wet 
liver. The specimens tended to show greater vari- 
ance in their lipid content than was found in the 
non-cirrhotic group; this variance did not appear 
to be directly related to the amount of fibrosis 
present. 

Fatty Livers: Non-Cirrhotic (Fig. 6, Table IV ) : 
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Fic. 5. Group I THe Distrisution or THE Lipip CONCENTRA- 
TIONS IN SPECIMENS TAKEN FROM NoNn-FATTY, Crremoric Livers 


TABLE III 


Variations in the dry matter, lipids and visible fat in needle specimens from a non-fatty, cirrhotic liver (P 
Group I(b)—Table I 


Dry Total Potal fatty lodine Phospho 
matter lipids acids No. of lipids Histological 
Specimen £./100 g./100 £./100 g fatty ge /100 estimation 
No wel liver wet liver wet liver acids wel liver of fat 
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This group consisted of 8 livers, mean values for 
the lipid content of which ranged from 8.9 to 33.5 
g. per 100 g. wet liver (group mean 17.6 g. per 
100 g.). The absolute variations between the 
lipid content of the specimens in this group were 
greater than those observed in the non-fatty liver 
groups and tended to increase as the lipid content 
of the liver increased. The variance per gram of 
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lipid was, however, less than that found in the 
other groups. 

Cirrhotic (Fig. 7, Table V): In 4 of the fatty 
livers, different degrees of fibrosis were encoun- 
tered and there was considerable variation in the 
values for the lipid content of the specimens in a 
particular liver. This variation exceeded that 
found in the previous groups and was roughly pro- 
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Fic. 6. Group II (A). THe DistriputTion 1n THE TotaL Liprip CoNCENTRATIONS 
IN SPECIMENS TAKEN FROM Fatty, NON-cIRRHOTIC LIVERS 
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TABLE IV 


Variations in the dry matter, lipids and visible fat in needle specimens from a fatty, non-cirrhotic liver (J. R.). 
Group II(a)—Table I 


Dry Total Total fatty Iodine Phospho 
matter lipids acids No. of lipids Histological 
Specimen g./100 g. g./100 @. g. fatty g./100 g. estimation 

No wet liver wet liver wet lever acids wet liver ot fat 

1 36.8 17.5 3.4 severe 

2 38.8 18.3 18:3 64 ; severe 

3 38.8 17.9 14.9 _- 3.0 severe 

4 39.4 19.0 157 61 3.0 severe 

5 40.7 19.8 — - 3.0 severe 

6 40.9 213 18.7 63 3.0 severe 

7 41.8 2.9 severe 

8 40.8 21.9 14.0 64 3.2 severe 

9 38.4 7.5 14.5 65 : severe 
10 38.3 18.7 14.8 68 2.9 severe 
11 40.3 22.0 18.2 67 3.0 severe 
12 40.9 20.0 16.7 65 - severe 
13 40.4 22.2 16.3 67 severe 
14 42.0 20.7 17.6 64 - severe 
15 40.2 21.3 17.7 64 K severe 
16 41.5 21.5 18.9 66 severe 
17 38.7 20.5 — — severe 
18 42.9 23.5 18.0 68 3.0 severe 

portional to the lipid content of the liver. Mean vidual specimens particularly in the fatty livers 


values for the lipid content in this group ranged 
from 14.8 to 30.1 g. per 100 g. liver (group mean 
23.3 g. per 100 g.). 


Total fatty acids 


As seen in Tables II to V, the values for the 
total fatty acids generally paralleled those for the 
total lipids. Variations in total lipids for indi- 


appear, therefore, to be due mainly to variations in 
the neutral fat content. 


lodine number 


Determination of the iodine number of the 
fatty acids present in the different specimens gave 
consistent findings for any particular liver. Tables 


V and VI show that this constancy is maintained 
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TABLE V 


Variations in the dry matter, lipids and visible fat in needle specimens from a fatty, cirrhotic liver (M.T.). 
Group II (b)—Table I 
Dry Total Total fatty Iodine Phospho 
matter lipids acids No. of lipids Histological 


Specimen g./100 g. [100 g./100 fatty g./100 g. estimation 
No wet liver wet liver wet liver acids wel liver of fat 


47.2 34. 29.9 ~-- : severe 
44.2 27. 24.1 severe 
42.7 23.2 70 severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 


‘ 29.5 70 
25.3 68 
23.2 67 


28.1 66 
é 66 
46.6 35. 29.3 67 
46.7 33. 30.6 67 
43.5 25.4 67 
41.2 x. 20.8 69 
44.6 29.5 23.0 74 
43.3 29. 27.3 67 
45.0 $2; 28.5 68 

29.0 67 


5. 
1. 
5. 
3. 
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even when the total lipid content shows some 
variation. 
Phospholipids 


Phospholipids appeared to be fairly uniformly 
distributed throughout both non-fatty and fatty 
livers. Slightly lower values were obtained for 
cirrhotic than for non-cirrhotic livers. The values 
recorded tended to be somewhat higher than those 
reported by other workers (4) possibly due to 
the method of extraction, which did not involve 
the use of petroleum ether. 


Histological examination 


Individual grading of the sections revealed rela- 
tive uniformity in the amount of fat in the various 


(gm./100 gm. wet liver) 


TABLE VI 


Limits of error in the prediction of the lipid content of the 
whole liver from a single biopsy spectmen and minimum 
change in lipid content of specimen indicative of a significant 
decrease of lipid content of whole liver upon repeat biopsy 


Total Lipids 


Minimum differ 

ences indicative of 

significant decreases 

Approxi 
mate Single Paired 

Classification of liver limits sample samples 


Non-fatty, non-cirrhotic x + 25°; 0.39x  0.22y 
Non-fatty, cirrhotic x + 35% 0.50x  0.30y 
absent slight moderate severe Fatty, non-cirrhotic x + 18% 0.31x  O.17y 


HISTOLOGICAL GRADING Fatty, cirrhotic x + 30% 0.47x 0.28y 


Fic. 8 Tue RELATIONSHIP BETWEEN HISTOLOGICAL 


= lipid content of specimen in g./100 g. liver. 
GRADING AND THE CHEMICAL DETERMINATION OF TOTAL oe lipid F &./ 8 


y = mean lipid content of control pairs of samples in 
Lipips (MEAN VALUE FOR LIVER) ./100 liver. 
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Standard Deviation (gm/!00 gm. wet liver) 


6 8 10 12 14 


18 20 22 24 26 28 30 32 34 


Meon Value for Total Lipids gm /1CO gin. wet liver 


. 9. THe RELATIONSHIP BETWEEN THE VARIANCE IN THE SPECIMENS AND THE 


MEAN Lipip CONCENTRATION 


portions of the liver. 
the amount of fat present by study of the hema- 


The impression gained of 


toxylin-eosin stained sections, supplemented by 
the various fat stains, showed good correlation 
with the amount of fat found by quantitative 
methods (Fig. 8). With one exception (W. G.) 
livers graded for lipids as “absent” or “slight” had 
lipid contents of less than 8 g. lipid per 100 g. wet 
liver. Those graded “moderate” tended to have 
values ranging between 8 and 16 g. lipid per 100 
g. wet liver, while those with greater amounts of 
lipid were all classified as “severe.” 
DISCUSSION 

The present work has been designed to deter- 
mine the possibility of estimating the lipid con- 
centration of the entire liver from specimens ob- 
tained by needle biopsy. The error of this estimate 
will depend upon the accuracy of the chemical 
analysis and the distribution of lipids in the hu- 
man liver, in various pathological conditions. 

That there is no important systematic deviation 
between the analysis made by the micro-methods, 
described in this paper, on 5 to & mg. of tissue 
and by the accepted macro-methods is suggested 
by the agreement of our findings for the “normal” 
liver (5.7 * O08 g. lipid per 100 g. wet liver for 
the mean * standard deviation) and those of Ralli 
and her co-workers (4) who concluded that the 
concentration of total lipid in the normal human 
liver will probably not exceed 8 g. per 100 g. wet 
liver. Other workers have reported similar values 


for the normal human liver (Man and coworkers 
[13], Thannhauser and Reinstein [14], and 
Rourke and Stewart [2] ). 

Histological examination of needle specimens 
taken from various sites in the liver has shown 
that relative uniformity in the distribution of fat 
does exist even in cirrhotic livers. Chaikoff and 
Kaplan (15) reported that in depancreatized dogs 
the distribution of fat in the liver may be uneven 
and that fatty as well as normal portions may exist 
simultaneously in the same liver. Such a situa- 
tion has not, however, been observed in) our 
material, 

Inspection of the results obtained by chemical 
analysis shows that the lipid content of the speci- 
mens obtained from any one liver (7) varies for 
ach individual, (2) is dependent upon the histo- 
pathologic alteration, (3) shows greater variation 
in those livers with a high lipid content (Fig. 9) 
and that (7) this variation depends to some extent 
on the presence or absence of cirrhosis. Statistical 
analysis has shown, however, that the variances 
for the four groups are essentially homogeneous. 
It can therefore be concluded that it is as accurate, 
on a percentage basis, to estimate the lipid concen- 
tration of the entire liver from a single specimen, 
whether cirrhosis is present or absent, or the fat 
content high or low. 

Using the data obtained in this study, it is pos- 
sible to estimate from a needle specimen the lipid 
concentration of the entire liver with a determined 
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error. The best estimate is the concentration of 
lipid found in the specimen itself and its error may 
be conveniently expressed as the 5 per cent fiducial 
limits, which indicate the limits between which the 
lipid concentration of the liver will probably be 19 
out of 20 times (16). In calculating these limits 
the variance of the group is used since this is the 
best estimate of the variance of the individual and 
the grouping is known from histological examina- 
tion of the specimen. Thus, for a non-fatty, non- 
cirrhotic liver (1.e., “normal”) the lipid concen- 
tration in the whole liver is within the range of 
= 25 per cent of the value found from the micro- 
analysis of a single sample. The limits for the re- 
maining groups are summarized in Table VI. 
When two samples are analysed, a more precise 
estiinate can be obtained. 

If some therapy is given that is expected to 
modify the lipid content of the liver, it will be nec- 
essary to know whether any change observed is 
greater than that expected by chance. The “t’’ test 
(17) has been performed on the differences in the 
mean values, using the variance of the group as 
the best estimate of the variance for any sample 
shown by histological examination to belong to 
that group. In the third column of Table VI is 
given the minimum change in lipid (expressed as 
a fraction of the control sample) which is neces- 
sary to indicate a decrease, at the 5 per cent level 
of significance, in the second sample. For ex- 
ample, if the initial sample from a fatty non-cir- 
rhotic liver had a lipid concentration of 20 g. per 
100 g. liver, then a decrease of 6.2 g. per 100 g. 
liver or greater would be necessary to ensure that 
the change would not have been likely on the 
basis of sampling variation. If the analysis is car- 
ried out on two biopsy specimens, taken simul- 
taneously, then a smaller difference between the 
first and second samples will be significant (Col- 
umn 4, Table VI). 

T. K. With (18) showed that in man, analysis 
of a small sample of liver tissue does provide values 
which can be regarded as representative of the 
average concentration of Vitamin A in the liver, 
particularly of the right lobe. Specimens of liver 
obtained by the needle biopsy technique can also 
be regarded as representative of the lipid content 
of the liver as a whole within the limits stated 
above. Recognition of these limits is necessary 


if a valid interpretation of the results obtained 
is to be made. 
SUMMARY 


1. Methods for the chemical analysis of the per- 
centage of dry matter, total lipids, total fatty acids 
and their iodine number, and phospholipids in 
specimens of liver tissue obtained by the needle 
biopsy technique are described. 

2. Using a Vim-Silverman needle, 18 specimens 
have been taken from different sites in each of 25 
post-mortem livers (13 non-fatty and 12 fatty 
livers). The samples have been examined his- 
tologically and their total lipid concentration de- 
termined chemically. The variation in the differ- 
ent specimens is reported and the effect of cirrhosis 
on the findings is discussed. 

3. Relative uniformity in the distribution of 
lipids throughout the human liver has been ob- 
served. A good correlation was found between 
histological and chemical findings. 

4. Approximate limits of error in estimating the 
lipid concentration of the whole liver from analy- 
sis of a single biopsy specimen are given. 

5. Factors are given which may be used to de- 
termine whether the value for the lipid concentra- 
tion of a repeat biopsy specimen indicates a sig- 
nificant change in the lipid concentration in the 
whole liver. 
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The 45th annual meeting of the American Society for Clinical 
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4, 1953, with headquarters at the Chalfonte-Haddon Hall, 
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The 


scientific session will begin at 9 a.m. at the Steel Pier Theater. 
The annual meeting of the Association of American Physicians 
will be held at the Chalfonte-Haddon Hall on Tuesday, May 5, 


and the morning of Wednesday, May 6, 1953. 
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A COMPARISON OF THE EFFECTS OF -NOR-EPINEPHRINE, 
SYNTHETIC /-EPINEPHRINE, AND U.S.P. EPINEPHRINE 


UPON CEREBRAL BLOOD FLOW AND METABOLISM 


Nor-epinephrine, a pressor amine known to ex- 
ist normally in the mammalian body, is identical 
with epinephrine except for the absence of a methyl 
group in its chemical structure. Since methyla- 
tion occurs readily in the body, it has been sug- 
gested that nér-epinephrine functions chiefly as 
a precursor to epinephrine (1-5). Nevertheless, 
it possesses potent pharmacologic properties which 
differ in many respects from those of epinephrine 
(6-9). Epinephrine raises systolic blood pressure, 
increases cardiac output and accelerates the heart 
rate; it constricts blood vessels in certain areas of 
the circulatory bed, dilates them in others, with 
an over-all effect of dilatation and a decrease in total 
peripheral vascular resistance. Nor-epinephrine 
increases systolic and diastolic blood pressure, has 
little or no effect on cardiac output and decreases 
cardiac rate. It constricts blood vessels in all areas 
of the circulation in which its effect has been 
studied. 

Little is known, however, of the effects of nor- 
epinephrine and epinephrine upon the cerebral 
circulation in man. A clear understanding of their 
effects on this important segment of the circula- 
tion should provide information bearing on a num- 
ber of physiologic, pathologic, and therapeutic 
questions. Because of the similarity of the hemo- 
dynamic changes in essential hypertension to those 
induced experimentally by the administration of 
l-nor-epinephrine, it has been suggested that /-nor- 
epinephrine may play an important role in the 
pathogenesis of essential hypertension (6). A 
measure of support for this hypothesis would be 
gained if nor-epinephrine-induced hypertension 
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could be shown to be associated with changes in 
the cerebral circulation similar to those accompany- 
ing essential hypertension. If, on the other hand, 
l-nor-epinephrine affects the cerebral circulation 
in some unique or distinctive way, this information 
might be of some value in the clinical recognition 
and detection of certain hypertensive states associ- 
ated with abnormally high concentrations of /-nor- 
epinephrine in the adrenal gland, 1.e., pheochromo- 
cytoma (10, 11). Furthermore, nor-epinephrine 
has been employed therapeutically as a pressor 
agent in a variety of conditions characterized by 
acute hypotension including operative, hemor- 
rhagic, and traumatic shock; to maintain blood 
pressure after thoracolumbar sympathectomy ; 
and in the circulatory collapse that may accompany 
acute myocardial infarction (12, 13). A clear 
understanding of its effect on the cerebral cir- 
culation would be essential to a proper assess- 
ment of its over-all therapeutic value in these con- 
ditions. Obviously, if the increase in systemic 
arterial blood pressure is accompanied by a dis- 
proportionate increase in cerebral vascular re- 
sistance, a further reduction in blood flow to the 
brain would ensue. Such an effect would, no 
doubt, detract from its usefulness in the treatment 
of these hypotensive states. 

This report deals with studies made to deter- 
mine the effect of /]-nor-epinephrine, and /-epineph- 
rine on the cerebral circulation in normal, healthy 
males. Since U.S.P. epinephrine has been shown 
to contain significant amounts of /-nor-epinephrine 
(14, 15), it was necessary to determine the effect 
of both U.S.P. epinephrine and uncontaminated 
synthetic /-epinephrine. 


METHOD 


The cerebral blood flow (CBF) was determined by the 
nitrous oxide method of Kety and Schmidt (16), as modi- 
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EFFECT OF ADRENAL MEDULLARY HORMONES ON CEREBRAL BLOOD FLOW 


TABLE I 


The effect of |-nor-epinephrine on cerebral circulatory functions 


CBF 
cc./min./100 gms. 
Dosage 
ue. 


CVR 
mm. Hglec./min./100 gms. 


MABP 
mm. He 


CMR Os: 
ce./min./100 gms. 


Control 


Exper. Control Exper. Control Exper. 


1,000 
1,000 
1,400 
1,000 
800 
800 
800 
1,000 
1,006 
1,000 
700 
800 
800 


P value 


4.28 
4.80 
4.10 
4.11 
3.02 
4.43 
4.02 
2.98 
3.68 


73 99 
79 90 
88 
74 
80 
67 
86 
66 
69 
72 
80 
79 
70 


4.35 
4.22 
5.16 
4.16 
2.86 
3.85 
2.96 
2.85 
3.07 
4.78 
3.84 
3.47 


1.36 
1.44 
1.10 
1.90 
0.81 


2.02 
2.00 
2.09 
1.94 
3.06 
1.86 
3.09 
1.95 


76 
6.73 
1.94 


* Indicates statistically significant change. 


fied by Scheinberg and Stead (17). The cerebral oxygen 
consumption (CMRo,) was calculated from the CBF and 
the arterio-cerebral venous oxygen difference. The cere- 
bral vascular resistance (CVR) was calculated from the 
CBF and the mean arterial blood pressure, which was 
measured directly in a peripheral artery, usually the fem- 
oral, with a damped mercury manometer. Arterial 
and cerebral venous blood samples were drawn simul- 
taneously immediately before each blood flow determina- 
tion. Blood oxygen and carbon dioxide content were 
determined manometrically (18). The cerebral blood 


TABL 


flows were measured in the morning with the subject 
fasting and in the recumbent position. Immediately fol- 
lowing a control determination, /-nor-epinephrine, syn- 
thetic |-epinephrine,? or U.S.P. epinephrine in oil was ad 
ministered intramuscularly in amounts varying from 
600 ug. to 1,400 wg. Fifteen or twenty minutes later, when 

2Generous quantities of /-nor-epinephrine (Levophen) 
and l-epinephrine (Suprarenin) were supplied by Ken 
neth M. Smoot, Dept. of Medical Research, Winthrop 
Stearns, Inc. 
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The effect of \-nor-epinephrine on arterial and cerebral venous blood constituents 


Arterial blood 


Internal jugular venous blood 


CO: content O: content 
vol. % vol. % 
Dosage 


COs content 


Oxygen extraction 
ratio 


Os content 
% ER On, % 


vol. % vol 


Subject ue. Control Exper. Control Exper. 


Control Exper. Control Exper. 


Control Exper. Control Exper. 


1,000 
1.000 
1,400 
1,000 
800 
800 
800 
1,000 
1,000 
1,000 
700 
800 
800 


42.23 
44.50 
45.48 
46.10 
44.91 
46.95 
49.26 
49.10 
47.94 
51.88 
51.41 
48.85 
47.86 


47.42 
2.66 
76 


40.13 
42.54 
39.13 
44.39 
43.39 
43.78 
48.09 
46.22 
45.45 
47.94 
48.50 
48.82 
46.95 


45.03* 
3.02 
87 
<0.01 


20.07 20.94 
22:19 
20.38 22.37 
17.60 19.16 
18.13 19.14 
20.38 20.74 
18.69 19.65 
17.97 19.17 
19.16 20.26 
18.94 19.54 
18.67 19.08 
18.36 18.36 


19.41 20.23* 
1.41 

S.E. 40 
P value 


49.63 
S216 
52.86 
51.68 
51.05 
56.96 
§5.47 
53.38 
53.40 
55.54 
54.24 
53.07 


1.96 
56 


12.07 7.92 8.87 
13.38 8.28 9.37 
12.43 6.80 9.94 
11.44 6.14 7.72 
13.14 7.20 8.68 
11.59 S34 7.55 
12.01 8.04 8.73 
12.43 6.63 7.22 
12.02 6.13 7.15 
11.87 6.16 8.39 

4.79 6.85 

5.99 

6.21 


12.15 
14.44 
13.58 
11.46 
14.05 
12.79 
12.34 
12.06 
11.84 
13.00 
14.15 
12.68 


12.82 
92 
.26 


48.81 
51.10 
48.73 
53.76 
51.37 
51.10 
56.99 
54.00 
51.69 
55.67 
55.08 


6.59 
1.00 
.28 


34 
3.62 
1.04 


2.92 
<0.01 


* Indicates statistically significant change. 
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| | 
Subject Age 
A. RH. 21 58 45 
‘ ‘ 61 52 
©. 40 67 54 
Cc. W. 26 42 33 
A. M. M. 33 83 51 
R. B. 23 50 34 
; W.L. P. 32 45 43 1.46 
27 60 43 1.15 2.58 
23 62 57 1.16 3.81 
J. W. B. 21 83 56 0.96 1.64 4.93 
GD: 36 68 54 1.16 1.83 4.07 
ALP. 24 63 59 1.47 3.91 3.85 
Mean 28 61 48* 1.28 2.10* 4.01 3.80 99* 
S.D. 11.94 8.05 .28 48 8.07 
3.44 2.32: 08 13 .20 2.33 
<0.01 <0.01 >0.20 <0.01 
H.W. 29 
A.R.H. 21 36 41 
H.L.B:. 27 33 44 
35 40 
Cow. 26 34 40 
A.M.M. 33 29 39 
R. B. 23 39 42 : 
32 35 
623 32 41 
J.W.B. 21 25-35 
G. D. 36 54.76 32 34 : 
RAP. 53.45 34 36 
52.81 12:27" 7.96* 39* 
2.46 Pn 1.07 
16 31 
>0.30 <0.01 <0.01 
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TABLE III 
The effect of synthetic \-epinephrine on cerebral circulatory functions 


CBF CVR CMR MABP 

cc.Jmin.{100 gms. mm. He/cc.{/min./100 gms. cc./min./100 gms. mm. Hg 

Subject Age ue. Control Exper Control Exper. Control J 5 Control Exper. 


1,000 1.76 1.66 4.20 
1,000 3: 1.07 3.82 
600 1.24 3.77 
1,000 3.84 
800 93 5.20 
1,400 4.01 
1.000 0: 3.82 
1,000 ‘ 4.09 
1,000 4.39 
1,000 38 4.57 
1,400 2. rt 3.80 
1,200 2.68 
1.000 4.51 
600 ‘ 6 5.28 
1,200 


P value 


* Indicates statistically significant change. 


the blood pressure had become stabilized, the cerebral lized at an essentially constant level for an additional 10 to 
blood flow measurement was repeated. Previous experi- 20 minutes, and then gradually returns to normal. The 
ence with the intramuscular administration of [-nor-epi- second cerebral blood flow in each case was measured 
nephrine had shown that a consistent pressor response during the stable plateau period. The mean of four blood 
occurs when the site of injection is massaged immediately pressure measurements made immediately preceding and 
after the administration of the drug. The blood pres four made immediately following the blood flow determina- 
sure gradually rises for 15 to 20 minutes, becomes stabi- tion was used as the mean arterial pressure during the 


TABLE IV 
The effect of synthetic \-epinephrine on arterial and cerebral venous blood constituents 


Arterial blood Internal jugular venous blood 
a Oxygen extraction 
CO, content Os content COs: content content A-V O: ratio 
vol. % vol. % vol. % vol. % Vol. % ER On, % 


Subject Exper. Control Exper. Control Exper. 


53.23 53.2: 12.03 13.69 9.77 
18.35 18.53 49.73 ‘ 11.65 11.75 6.70 
18.15 18.42 $2.13 33: 11.87 11.51 6.28 
20.09 19.72 55.05 5S. 12.40 11.95 7.69 
21.15 21.46 52.66 53. 13.50 13.77 7.65 
21.27 55.49 13.07 8.20 
20.31 20.57 $1.10 50. 14.68 16.08 
17.95 17.95 49.48 51. 11.93 12.19 
18.01 17.88 55.64 11.54 11.28 
20.98 21.01 53:43 33. 13.36 14.03 
17.26 £7.52 53.89 53. 1195 11.31 
15.50 16.25 50.79 as 8.80 9.50 
17.69 53, 12.92 13.19 
$3.12 $5. 12.16 
47.59 50. 13.21 


wn oo 


52.40 12.32 
2.23 a 1.26 

S.E. A 59 
P value 


Sin 


Se 


* Indicates statistically significant change. 
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25 3.61 76 75 
| I. W. F. 27 4.34 76 69 
2B. 29 4.08 76 73 ‘ ‘ 
M.L. A. 33 4.35 81 74 
J. E.B. 33 4.95 71 66 
‘ LLP. 27 64 62 
3W.M. 28 2.42 71 66 
TRE. 33 3.34 73 72 
J.W.N. 28 5.02 75 68 : 
E.R.B. 32 3.77 79 73 
CEB. 30 4.28 85 78 
E.L. M. 35 2.56 68 61 
| J.M.H. 22 4.37 71 67 
1. W. 23 4.18 62 61 
s EF. L. 24 5.79 83 80 
Mean 29 66 63 1.20 1.16 4.16 4.08 74 70* 
S.D. 17.57 14.73 26 60 87 6.30 5.76 
S.E. 469 3.93 08 07 16 24 1.68 1.54 
P| >0.10 >0.30 >0.50 <0.01 
B.G.T. 25 1,000 44.20 45.35 8.03 45 37 
T.W.F. 27) 1,000 43.59 41.27 6.78 
E. B. 29. 47.23 46.77 6.91 35 38 
M.L.A. 33 1,000 47.73 47.81 7.77 38239 
J.E.B. 33 800 45.31 46.19 7.69 
27 1,400 47.18 38 
B.W.M. 28 1,000 46.20 45.52 28 22 
33 1,000 43.34 46.01 34. 32 
I.W.N. 28 1,000 49.30 50.10 360237 
E.R.B. 32 1,000 46.33 46.27 
C.E.B. 30 1,400 48.46 47.50 32 35 
E.L.M. 35 1,200 44.37 43.16 43 42 
J.M.H. 22 1,000 47.21 48.35 27 25 
IW. 23 600 48.25 49.58 31 30 
24 1,200 42.54 42.28 26 
12.40 6.62 35 35 
1.58 1.33 5.22 5.47 
43 35 139 1.51 
>0.50 >0 >0.50 


The effect of U.S.P. ep 


EFFECT OF ADRENAL MEDULLARY 


inephrine on cerebral circulatory functions 


HORMONES ON CEREBRAL BLOOD FLOW 


TABLE V 


CMR O: MABP 


S.E. 
P value 


in any case. 


RESULTS 


1 


4.24 
4.11 


* Indicates statistically significant change. 


CBF CVR 
cc.| min.{100 gms. mm. Helcc./min./100 ems. cc./main./100 gms. mm. Hg 
Subject Age Control Exper. Control Exper. Control Exper. Control Exper 
oy Oe ON 36 800 79 59 0.89 1.20 4.78 4.52 70 71 
1: B..e. 39 1,000 42 50 1.83 1.34 ye 3.38 77 67 
i; OF iF 30 800 58 61 1.28 1.05 2.91 3.58 74 o4 
‘ Be, 38 800 69 51 1.04 1.43 5.44 4.12 72 73 
W.M. J. 34 1,200 97 84 0.76 0.82 5.07 4.10 74 69 
4. AR 1,200 67 69 1.00 0.90 3.93 3.53 67 62 
R. A. A. 30 1,000 80 84 1.01 0.88 3.76 5.39 81 74 
E.F. J. 31 1,000 85 94 0.99 0.84 5.28 5.59 $4 79 
| ory Oe Oe 28 1,000 71 63 0.95 1.00 4.54 3.57 68 64 
N. G. W. 41 1,000 76 73 1.09 0.99 4.59 4.41 83 72 
J.M.M. 25 1,000 69 64 1.28 1.28 4.02 4.18 89 92 
3.62 


procedure. Blood pressure values before and after meas- 
urement of CBF did not vary more than a few millimeters 


l-Nor-epinephrine. The data (Tables Land 11) — extraction ratio (34 to 39 per cent) and in mean 
indicate that /-nor-epinephrine is a potent cerebral arterio-cerebral venous oxygen difference (6.59 
vasoconstrictor, The disproportionate increase (64 vol. per cent to 7.96 vol. per cent) (p= < .01). 
per cent) in calculated mean CVR (p= < 0.01) 


The effect of U.S.P. epinephrine on arterial and cerebral venous blood constituents 


‘08 07 "25 20 1.99 2.33 
>0.50 >0.50 <0.01 


above MABP (31 per cent), eventuates in a 2} 
per cent reduction in CBF (p= < 01). Never- 
theless, the CM Ko, is unaffected because the fall in 
CBF is compensated by an increase in the oxygen 


The increase in A-V oxygen difference is the re- 


TABLE VI 


Dosage 
Subject Age 


C.E.L. 36 
J.B.H. 39 1,000 

C.H. 30. ‘800 

3.E.C. 38 800 

W.M.J. 34 1,200 

Jj. 321,200 

R.A.A. 30 1,000 

E.F.J. 1,000 

E.L.C. 28 1,000 
N.G.W. 41 1,000 
J.M.M. 25 1,000 

A.A.B. 1,000 
1,000 


S.E. 


COs: content On content COs content Os content A-V On ratio 

vol. % vol, % vol. % vol, % Vol. % ER O2, % 

Control Exper. Control Exper. Control Exper Control Exper. Control Exper. Control Exper 
47.37 46.24 17.93 18.63 Soar Sats 11.88 11.91 6.05 6.72 34 36 
47.75 49.48 18.80 18.46 54.77 56.06 12.30 11.71 6.50 6.75 35 37 
46.74 47.50 17.03 16.71 51.88 53.72 12.01 10.84 5.02 5.87 29 35 
47.83 48.73 20.36 20.38 55.93 56.45 12.47 12.30 7.89 8.08 39 40 
48.17 49.68 17.85 17.70 53:62 S504 12.62 12.82 §.23 4.88 29 28 
39.38 40.27 15.65 15.67 45.74 45.53 9.78 10.56 Ser. 65 49 38 33 
§2.10 50.54 18.38 20.02 56.75 56.55 13.67 13.60 4.71 642 26 32 
47.39 48.55 20.00 19.95 $4.02 54.40 13.79 14.00 6.21 5.95 31 30 
44.16 46.91 16.34 15.37 §1.20 52.60 9.94 9.69 640 5.68 39 37 
48.32 49.09 16.75 16.32 54.80 56.00 10.71 10.28 6.04 6.04 36 oT 
48.46 49.00 16.68 16.63 $4.49 55.93 10.84 10.10 5.84 6.53 35 39 
46.75 46.90 20.23 20.13 $3.77 54.46 13.03 13.48 71.23 ©6665 36 33 
48.03 21.10 53.82 14.70 6.40 30 


Arterial blood 


18.00 
45 


Internal jugular venous blood 
Oxygen extraction 


53.40 54.12% 11.92 12.00 6.08 6.24 34 34 
128. £57 85 4.07 3.58 
82 80 38 45 ioe 1.22: 106 


<0.02 > 0.30 >0.50 >0.40 


229 
Cc. o.D; 25 1,000 82 73 0.96 1.05 4.67 79 77 
— 33 71 67 1.14 1.11 4.22 4.18 77 73* 
>0.10 

Mean 33 47.04 47.76 18.24 
2.87 2.46 1.88 

86 54 
P value >0.05 >0.50 ee 

* Indicates statistically significant change. 
wae 
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sult of a significant increase in arterial O, con- 
tent (19.41 vol. per cent to 20.23 vol. per cent) and 
a decrease in cerebral venous oxygen content 
(12.82 vol. per cent to 12.27 vol. per cent). Mean 
arterial CO, content decreased significantly (47.42 
vol. per cent to 45.03 vol. per cent) apparently as 
a result of mild hyperventilation. 

Synthetic l-epinephrine. In contrast to /-nor- 
epinephrine, this substance had no significant ef- 
fect on mean cerebral hemodynamics or metabolism 
(Table IIL) ; nor were any changes in blood gases 
noted (Table IV). The only change of signifi- 
cance was a small but consistent reduction in 
MABP from 74 mm, Hg to 70 mm. Hg (p= < 
0.01). 

U.S.P. epinephrine. The results of studies made 
with U.S.P. epinephrine are listed in Table V and 
Table VI. With one exception they are identical 
with the findings in the synthetic epinephrine se- 
ries, t.e., a slight but significant reduction in 
MABP (77 mm. Hg to 73 mm. Hg; P = < .01) 
without changes in CBF, CVR, CMRo,, arterial 
or venous oxygen content. With both synthetic 
and U.S.P. epinephrine there was an increase in 
mean cerebral venous CO, content which on 
statistical analysis proved to be of significance 
only with U.S.P. epinephrine. 


DISCUSSION 


‘These experiments demonstrate that the ad- 
ministration of /-nor-epinephrine results in power- 
ful cerebral vasoconstriction in normal healthy 
males. The increase in cerebral vascular resist- 
ance induced by this substance exceeds the ac- 
companying increase in perfusion pressure; as a 
consequence, the blood flow to the brain is dimin- 
ished. This decrease in CBF, however, does not 
eventuate in a reduction in cerebral oxygen con- 
sumption because of the compensatory increase in 
the extraction of oxygen from arterial blood by 
the brain, t.c., the arterio-cerebral venous oxygen 
difference increases. 

The increase in cerebral vascular resistance is 
most likely due to a direct vasoconstricting effect 
of -nor-epinephrine upon cerebral vessels. How- 
ever, this vasoconstricting action could be aug- 


mented by changes in O, tension, CO, tension or 


pH of the arterial blood (19). King, Sokoloff, 
and Wechsler (20) have shown that the intra- 
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venous infusion of /-nor-epinephrine is not ac- 
companied by a change in pH of the blood. How- 
ever, a rise in arterial oxygen content and a fall 
in arterial carbon dioxide content occurs when 
the drug is administered by either the intramus- 
cular or intravenous route. These changes in blood 
gases are attributed to the mild hyperventilation 
that was observed in most of the subjects. How- 
ever, they are not of sufficient magnitude to ac- 
count for the marked increase in cerebral vascular 
resistance and could contribute only in a small 
way, if at all, to the total increase in cerebral vas- 
cular resistance (19). It seems very unlikely that 
reduced arterial CO, tension is causally related to 
the cerebral vasoconstriction induced by J/-nor- 
epinephrine although it is possible that. slight 
changes in blood CQ, tension incident to hyper- 
ventilation might tend to augment the direct vaso- 
constricting effect of the drug. There is the fur- 
ther possibility that acute hypertension resulting 
from the administration of /-nor-epinephrine may 
be associated with an increase in intracranial pres- 
sure, and in this way further augment the resist- 
ance to blood flow in the brain. 

These studies disclosed a striking difference be- 
tween the cerebral circulation in essential hyper- 
tension and the acute hypertension induced by 
l-nor-epinephrine. In the former there are parallel 
increases in cerebral vascular resistance and blood 
pressure; the CBF, therefore, remains unaltered 
(21). In the latter, the augmentation of CVR is 
out of proportion to the increase in blood pressure ; 
the blood flow is reduced. This does not, how- 
ever, constitute strong evidence against the sug- 
gestion that /-nor-epinephrine may be involved in 
the pathogenesis of essential hypertension, since 
the hypertension noted in this study was acute 
and the state of the cerebral circulation under 
these circumstances not necessarily comparable 
to that in chronic essential hypertension. Fur- 
thermore, there is the possibility, indicated above, 
that indirect and secondary factors not present in 
essential hypertension may augment the increase 
in cerebral vascular resistance consequent to the 
acute administration of /-nor-epinephrine. 

The demonstration that the pressor response of 
l-nor-epinephrine is accompanied by a reduction 
in cerebral blood flow in normotensive subjects 
suggests that this drug should be used with cau- 
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tion as a therapeutic agent in acute hypotensive 
states when a reduction in blood flow to the brain 
may not be desirable. 

Other vital segments of the circulation have 
been shown to be similarly affected by the adminis- 
tration of this substance. Renal and hepatic blood 
flow are diminished and calculated renal and 
splanchnic vascular resistance increased during 
the administration of nor-epinephrine (22-25). 
Until it can be shown that the cerebral, as well as 
the renal and hepatic, circulations in patients with 
acute hypotension respond differently to /-nor- 
epinephrine than in normotensive subjects, its use 
here should be considered potentially harmful. 

These studies with epinephrine confirm § the 
previous assumption that the quantities of nor- 
epinephrine present in U.S.P. epinephrine do noi 
alter the effect of the latter (5), and they demon- 
strate yet another difference in the hemodynamic 
effects of nor-epinephrine and epinephrine. ‘The 
intramuscular administration of epinephrine leads 
to a slight reduction in mean arterial blood pressure 
but does not alter cerebral vascular resistance, 
cerebral blood flow or cerebral oxygen consump- 
tion. These findings are in disagreement with 
those of King, Sokoloff, and Wechsler (20) who 
found that the intravenous infusion of epinephrine 
was accompanied by an increase in blood pressure, 
cerebral blood flow and cerebral oxygen consump- 
tion ; cerebral vascular resistance was not changed. 
The differences in blood flow and blood pressure 
responses can be adequately accounted for by the 
difference in mode of administration of epinephrine 
in the two studies. Our experimental blood flows 
were determined 25 to 30 minutes after the in- 
tramuscular administration of epinephrine when 
there were clear-cut clinical manifestations of its 
effect such as tremulousness, tachycardia, palpi 
tation, pallor, excitement, and apprehension; no 
special attempt was made to produce a pressor re- 
“sponse in the subjects. In the studies of King, 
Sokoloff, and Wechsler (20) epinephrine was 
administered by intravenous infusion, the rate of 
which was adjusted to provide a pressor response 
before the experimental studies were done. The 
concentration of circulating epinephrine obtained 
as a result of the slow absorption from an intra- 
muscular deposit of epinephrine in oil was no doubt 
inadequate to cause an increase in cardiac output of 
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sufficient magnitude to overcome the over-all vaso- 
dilating effect of epinephrine. Since epinephrine 
by either route of administration does not alter 
cerebral vascular resistance, its effect upon the 
blood flow to the brain will depend directly upon 
its effect upon blood pressure. 

The results of the two studies regarding cerebral 
oxygen utilization, however, cannot be attributed 
to the difference in mode of administration. Ex- 
citement, apprehension, palpitation, tremulousness, 
pallor, ete., occurred in most of the subjects after 
the intramuscular administration of /-epinephrine 
and U.S.P. epinephrine, and in many instances 
these manifestations were quite prominent. Cere- 
bral oxygen consumption, however, was unaffected 
by these agents. No change in mean CMRo, was 
observed in groups who received either /-epineph- 
rine or U.S.P. epinephrine. Nor were there indi- 
vidual instances in either group in which there 
appeared to be a relationship between changes in 
cerebral oxygen consumption and the severity of 
the subjective sensations experienced by the 
subjects. 

The results in this respect are similar to those 
of Scheinberg and Stead (17) who found that 
cerebral blood flow and cerebral oxygen consump- 
tion were unaltered by apprehension and anxiety 
in normal young males, and they tend to sup- 
port the suggestion of Scheinberg (26) that cere- 
bral metabolism normally functions at nearly its 
maximum — rate. and 
whether occurring spontaneously or induced by 


Apprehension anxiety, 
the intramuscular administration of epinephrine, 
do not appear to be associated with changes in 
cerebral oxygen consumption. 


SUMMARY 


1. The effect of the intramuscular administra- 
tion of /-nor-epinephrine, synthetic epinephrine, 
and U.S.P. epinephrine on cerebral circulatory and 
metabolic function has been determined in normal 
healthy males. 

2. l-Nor-epinephrine increases arterial 
blood pressure and reduces cerebral blood flow in 
normotensive males by virtue of its potent con- 
stricting effect upon cerebral blood vessels. Cere- 
bral oxygen utilization is not altered. 

3. Epinephrine, when administered intramuscu- 
larly in dosage of from 600 pg. to 1,400 pg., 
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slightly lowers mean arterial blood pressure ; does 
not affect cerebral blood flow, cerebral vascular 
resistance or cerebral oxygen utilization. 

4. The cerebrovascular effects of synthetic l-epi- 
nephrine and U.S.P. epinephrine are identical. 
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Patients with a compressible fistula between 
peripheral artery and vein provide a unique op- 
portunity to study the reactions of the body to 
certain abrupt changes in the circulation. As has 
been said of the patient with congestive heart fail- 
ure (1), the subject with an arteriovenous fistula 
is literally bleeding into his large veins. Opening 
or closing a fistula causes an immediate and marked 
change in peripheral resistance and a shift in the 
This 
in turn elicits numerous compensatory adjust- 
ments (2-4). 

It was of interest to examine the behavior of the 
kidneys in this situation for two reasons. First, 
the renal circulatory pattern in patients with ar- 
Sec- 
ondly, it has been suggested that the kidneys re- 


distribution of blood inside the vascular tree. 


teriovenous fistulas has not been described. 


tain or excrete sodium in response to alterations 
in the “effective” distribution of blood (5, 6). 
The present study permitted this hypothesis to he 
tested. The data presented show that glomerular 
filtration rate, renal blood flow and renal venous 
pressure do not change when a fistula is closed or 
opened, but demonstrate that the renal excretion 
of sodium is augmented when an arteriovenous 
shunt is compressed. 


METHODS 


Subjects were 17 young male casualties of the Korean 
war, treated on the Vascular Surgery Service of the 
Walter Reed Army Hospital. Each patient had a large 
arteriovenous fistula in the neck, shoulder, arm or leg, 
created by a penetrating wound received one and a half to 
five months previously. The diameters of the shunts as 
estimated at operation varied from 3 millimeters to 20 


1 Presented in part before the American Physiological 
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and the American Federation for Clinical Research, At- 
lantic City, N. J., May 4, 1952. 

2Captain, M.C. Present address: 
pensary, Fort Richardson, Alaska. 

8 Major, M.C. 
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millimeters. No patient exhibited the signs or symptoms 
of congestive heart failure. 

Patients were studied in the morning, in the post- 
absorptive state, while lying supine. After awaking, they 
were not permitted to get up and walk about before being 
wheeled in the supine position to the laboratory at 8 A.M 
In all except four instances the subjects drank 240 cc. of 
water or hypotonic (0.14 per cent) saline every hour or 
half hour from 6:00 A.M. until the conclusion of the 
procedure, in order to insure a copious flow of urine. 
In seven experiments, including all those with initial uri- 
nary flows of less than 4.0 cc. per minute and collection 
periods of less than 20 minutes, urine was collected 
through an indwelling multi-eyed urethral catheter and 
the bladder was rinsed with distilled water and air. In 
the other studies, in which relatively high urinary flows 
and long collection periods minimized errors in the col 
lection of urine, patients were permitted to stand briefly 
Clearances of inulin (7) and 
para-aminohippurate (8) were determined during con- 
stant infusion following a priming dose. blood 
flow was calculated from the clearance of para-aminohip- 
In nine patients the clear- 


and void voluntarily. 
Renal 


purate and venous hematocrit. 
ance of endogenous creatinine was determined using a 
modification of the analytical technique of Bonsnes and 
Taussky (9). Concentrations of sodium and potassium 
in serum and urine were determined with a flame photom- 
eter. The method of Schales and Schales (10) was used 
to determine chloride in the urine of two patients. At 
intervals of two to five minutes throughout the procedure 
arterial pressure was measured with a sphygmomanometer 
and the pulse was counted for 30 seconds at the wrist. 
The mean blood pressure was arbitrarily taken to equal 
diastolic pressure plus 4% of the pulse pressure (11). 
All data were analyzed for significance by the Fisher 
“te” test. 

Following a “CONTROL” period of at least 30 minutes, 
consisting of two or more clearance periods, the fistula 
was occluded by direct manual pressure over the fistula 
itself or the artery proximal to it, in such a fashion as 
to eliminate the characteristic bruit and to produce a 
definite elevation in diastolic blood pressure and slowing 
of the cardiac rate. “COMPRESSION” was maintained 
for 20 to 50 minutes while one to four collections of 
urine were made. After this the fistula was released and 
measurements were continued for another 20 to 50 minutes 
of “RECOVERY.” After operative repair of the fistula, 
the same procedure was repeated in 12 patients, substitut- 
ing pressure over the operative site or the opposite artery 
for compression of the previously existing fistula. 
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RESULTS 
1. Blood pressure and pulse rate (Table 1) 


Acute occlusion of an arteriovenous fistula in 
every instance caused an immediate and sustained 
increase in diastolic blood pressure, averaging 15 
mm. Hg. Systolic pressure rose less or not at 
all, and in four patients, actually fell slightly. 
During compression, therefore, the calculated mean 
arterial pressure increased, and the pulse pres- 
sure diminished in every case. The average rise 
in mean arterial pressure was 11 mm. Hg, with 
values ranging from 4 to 20 mm. Hg. In general, 
those patients with the largest arteriovenous com- 
munications, as estimated by the surgeon at the 
time of operation, demonstrated the most marked 
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elevation of mean blood pressure when their fistu- 
las were compressed. The cardiac rate of all pa- 
tients slowed when the fistula was compressed 
and became more rapid when the shunt was re- 
leased (Nicoladoni-Branham sign) (12, 13). 


2. Renal hemodynamics (Tables I and IT, Figure 1) 


In all subjects except two (H. B. and F. R.) 
the clearance of inulin or endogenous creatinine 
was within normal limits. Renal blood flow was 
normal in all but one patient (R. J.), who had a 
bifid ureter demonstrated by intravenous pyelog- 
raphy, but no other evidence of renal disease. 
These values were not changed significantly by 
surgical repair of the fistula. Acute occlusion and 
release of an arteriovenous shunt produced no 


TABLE I 


Summary of data obtained in the seventeen patients studied pre-operatively 


Dura- 

tion 

Location min- 

Patient of fistula Procedure utes 


periods mm. Ilg 


Pulse G.F.R.* R.B.F. 
cc./min. cc./min, UkvVt 

per per flow mkEq./ 
1.73 m2 1.73.m.2 cc.Jmin. min. 


Urine 


E/Fna$ 


91/53 
99/67 
97/57 


Control 
Femoral Compression 
Recovery 


1.G.B. 


Contr. 
Compr. 
Recov. 


94/62 
95/70 
97/69 


120/69 
121/82 
121/64 
121/84 


119/73 
117/80 
117/69 


112/41 
105/65 
115/45 


104/41 
108/76 
111/48 


Femoral 


Contr. 
Compr. 
Recov. 
Compr. 


Femoral 


Contr. 
Compr. 
Recov. 


Contr. 
Compr. 
Recov. 


Femoral 


Contr. 
Sub- Compr. 
clavian Recov. 


134/53 
130/80 
136/51 
143/88 


102/61 
108/78 
105/59 


Contr. 

Compr. 
Recov. 
Compr. 


Femoral 


Contr. 
Compr. 
Recov. 


Carotid 


Contr. 
Compr. 
Recov. 


131/80 
127/88 
123/78 


118/84 
117/78 
125/92 


Brachial 


Compr. 
Recov. 
Compr. 


0.007 
0.014 
0.008 


146 =1040 
142 =1100 
132 ©1033 


129 1080 
127 +1110 
126 1058 


126 1098 
132 1065 
148 =1185 
138 1082 


117 
111 
100 


112 
117 
109 


117 
104 
113 


143 
129 
134 
125 


0.011 
0.020 
0.016 


0.015 
0.022 
0.013 
0.016 


0.012 
0.021 
0.021 


0.014 
0.018 
0.012 


0.009 
0.013 
0.009 


WAS 


0.012 
0.014 
0.011 
0.016 


0.007 
0.011 
0.008 


0.023 
0.023 
0.019 


0.012 
0.011 
0.014 


NAD 
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Num- Mean 
of B. P. mm. mEq./ 
He min. 
44 3 66 88 i 0.151 
36 3 78 72 0.295 
48 3 70 85 1.6 0.171 
' 40 3 73 77 5.2 0.051 0.231 
2.G.M. 7 50 5 78 71 3.1. 0.045 0.394 
26 3 78 78 3.3 0.042 0.310 
59 2 86 73 0.320 
31 1 95 58 0.512 
31 1 83 76 0.331 
30 1 96 54 0.392 
5 113 : 88 77 1 0.035 0.199 
32 1 92 59 1 0.021 0.318 
60 2 85 77 1 0.022 0.209 
31 2 65 109 1023 0.218 
é 4.W.G. Hi 21 2 78 94 1082 0.287 
33 3 68 109 1098 0.180 
41 3 62 75 648 0.160 
33 87 52 554 0.200 
44 4 69 76 660 0.158 
38 3 80 69 830 1 0.029 0.298 
44 3 97 56 831 6 0.024 0.321 
35 3 79 70 755 0 0.022 0.260 
10 1 106 58 816 5 0.343 
51 2 75 69 103 742 3.9 0.115 ; 
425 a 39 1 88 49 110 875 6.8 0.202 _* 
41 1 74 71 97 723 3.4 0.091 
72 3 97 76 111 785 = 13.0 0.370 
Se Pe 31 1 101 64 97 653 13.6 0.313 
$1 2 93 77 121 760 =14.9 0.324 
36 3 95 77 108 704 1.2 0.196 
33 3 91 85 111 686 RR! 0.180 
36 3 103 74 102 655 1.1 0.223 
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TABLE I—Continued 


Dura- Num- Mean Pulse G.F.R.* R.B.F. 


tion ber press. rate cc./min. Urine UKVt UnaVtt 
Location min- of B. P. mm. beats/ per per flow mEq./  mEq./ 

Patient of fistula Procedure utes periods mm. Hg He min, 1.73 m2 min min E/Fna$ 

Contr. 32. 3 104/64 3.2 0.071 0.003 
9. W. T. Carotid Compr. 46 4 108/73 85 66 131 1158 4.2 0.114 0.006 

Recov. 31 3 103/67 79 99 116 1245 ‘3 0.122 0.007 

Contr. 87 2 105/60 75 70 118 5.6 0.144 0.280 0.015 

10. D.B.  Popliteal Compr. 45 1 111/68 82 62 128 2.6 0.190 0.514 0.026 

Recov. 45 1 115/63 80 72 116 5 0.178 0.368 0.020 


Contr. 1 98/52 67 62 120 8.5 0.135 0.132 0.006 

11. J.T.  Thoraco- Compr. 30 1 99/66 77 56 116 5.3 0.113 0.184 0.009 
acromial Recov. 60 2 97/59 72 61 117 4.1 0.108 0.152 0.007 

Contr. 135 4 116/45 69 78 105 7.8 0.075 0.127 0.008 

12. E.B. Femoral Compr. 28 1 J2073 89 65 94 8.5 0.088 0.273 0.020 
Recov. 58 2 124/52 76 79 111 4.8 0.078 0.235 0.015 

Contr. 69 3 111/56 72 66 100 8.7 0.095 0.110 0.008 

13. A.D. Femoral Compr. 20 1 114/73 87 50 100 9.6 0.103 0.147 6.011 
F Recov. 30 1 114/58 13 68 91 6.1 0.087 0.123 0.010 


Contr. 2 116/45 69 76 78 9.8 0.252 0.023 
14. H.B. Popliteal Compr. 29 1 113/62 79 56 72 13.5 0.345 0.034 
Recov. 20 1 118/48 71 78 77 8.4 0.250 0.023 


Contr. 2 126/76 93 63 140 12.6 0.182 0.009 
15. H.F.  Popliteal Compr. 20 1 132/82 99 54 137 0.228 0.012 
Recov. 28 i 125/%5 92 65 143 6.0 0.228 0.011 


Contr. 2 100/52 : 7.9 0.079 0.004 
16. W.R. Femoral Compr. 31 1 100/58 72 68 144 7.0 0.099 0.005 
Recov. 32 1 98/52 67 80 151 6.7 0.079 0.004 


Contr. 4 112/57 75 66 82 5.4. 0.038 0.046 0.004 
17. F.R. Femoral Compr. 26 1 111/78 89 58 89 7.1 0.036 0.085 0.007 
Recov. 26 1 116/61 79 V1 83 5.6 0.029 0.042 0.004 


Contr. 11 118 926 6.8 0.075 0.185 0.011 
Mean Compr. 112/74** 913 7.0 0.077 0.267** 0.016** 
Recov. 920 5.1. 0.071 0.200** 0.012** 


* Italicized figures indicate clearances of endogenous creatinine. 


inulin. 


** Indicates “highly significant’’ change from the prec eding value (P < 0.01). 
tU Urine concentration of potassium in mEq./cc. X Urine volume flow in cc./min. = 


KV = 
potassium excreted in the urine per minute time. 
tt UmV = 
sodium excreted in the urine per minute time. 


mEq./min. of sodium filtered by the glomeruli. 


consistent or significant change in the clearances of 
inulin, endogenous creatinine chromogen, or PAH ; 


Urine concentration of sodium in mEq./cc. X Urine volume flow in cc./min. = 


‘na = Plasma concentration of sodium in mEq./cc. X 
Hence E/Fya represents the ratio of excreted to filtered sodium. 


All other values in this column are clearances of 


milliequivalents of 
milliequivalents of 


< Glomerular filtration rate in cc./min. = 


rise in the mean arterial pressure perfusing the 
kidneys, the total renal vascular resistance must 


the filtration fraction, therefore, was also un- have increased. If the data of Table I are analyzed 
affected. The venous hematocrit was similarly according to the concepts of Gomez (15) it is ap- 
unaltered. The left renal vein was catheterized in parent that this was accomplished largely by an 


six patients (patients 12 to 17, Table I), in order 
to measure its pressure directly. Renal venous 
pressure was within normal limits (6 to 10 mm. 
Hg) (14) and was unaltered by temporary clo- 
sure or opening of the arteriovenous fistula. 
Since renal blood flow remained essentially un- 
changed when a fistula was occluded, despite a 


increase in renal “afferent” arteriolar resistance. 


3. Excretion of electrolytes and water 


In contrast to the relative constancy of renal 
blood flow and glomerular filtration rate, the ex- 
cretion of sodium increased significantly (P< 


0.01) when the fistula was compressed in every 
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‘% CHANGE IN RENAL BLOOO FLOW 


CONTROL COMPRESSION RECOVERY 


% OF CONTROL VALUE 


% CHANGE IN GLOMERULAR FILTRATION RATE 


CONTROL COMPRESSION 


RECOVERY 


% OF CONTROL VALUE 


Fic. 1 


experiment except one (Table I, Figure 2). The 
increase ranged from 0.020 milliequivalents per 
minute to 0.234 milliequivalents per minute and 
the average rate of sodium excretion during the 
period of compression was 144 per cent of con- 
trol. The effect could not be quantitatively cor- 
related with the size of the shunt as estimated at 
operation or with the magnitude of the response 
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TABLE II 


Comparison of pre- —— glomerular 
filtration rate and renal blood flow 


GFR* RBF 
ec./min./1.73 m.? ce./min./1.73 m.* 


pre post 


146 137 
129 
126 
112 
117 
143 
139 
111 


Mean 128 


* Clearances of inulin. Each value represents the aver- 
age of three collection periods. 

There is no consistent or significant difference between 
the values before and after repair of an A-V fistula. 


of the blood pressure to occlusion. An augmented 
excretion of sodium was apparent in urine col- 
lected 10 to 15 minutes after occlusion of the 
fistula and continued throughout the compression 
period. After the fistula was released, sodium 
excretion fell toward control values in all but two 
instances. In two patients the urinary excretion 
of chloride was measured and found to parallel 
that of sodium. Following surgical repair of the 


% CHANGE IN No EXCRETION 


CONTROL 


% OF CONTROL VALUE 


COMPRESSION 


RECOVERY 
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— 
G. B. 1,040 1,194 
P. M. 1,080 1,008 / 
R.C. 1098 «1,455 
W.G. 1023 874 
R. 648 635 
830 914 
— 923 ‘1,030 
+ 15% J. F. 785 810 

: 
240 
230 
220 

210 
200 

190 
180 

Y ff 

= 

120 VLE Zam +15% 

90 

70 

Fic. 2 


CONTROL 


% OF CONTROL VALUE 


EFFECT OF ARTERIOVENOUS FISTULA 


POSTOPERATIVE CHANGES IN No EXCRETION 
WITH ARTERIAL COMPRESSION 


COMPRESSION 


RECOVERY 


~ 


fistula (Figure 3), renal excretion of sodium was 
unchanged by manual occlusion of an artery at the 
operative site or in the opposite limb, a procedure 
which did not produce significant changes in car- 
diac output or arterial pressure (16). 

The renal excretion of potassium, studied in six 
patients, was not consistently altered by temporary 
closure or release of an arteriovenous shunt. 

The flow of urine increased in 12 of 19 experi- 
ments when the fistula was closed, and diminished 
during the recovery period in 16. Interpretation 
of these findings is complicated by the fact that 
most of the patients had been drinking and were 
in positive water balance, and by the well-known 
tendency for urinary flow to fall off toward the 
end of a long and sometimes tiring procedure (17). 


DISCUSSION 


It is pertinent to review briefly the effects upon 
the general circulation of closing and opening an 
arteriovenous fistula and to consider how they 
might influence the kidneys. When an arterio- 
venous shunt is occluded, the arterial tree is emp- 
tied more slowly and less completely, and mean 
arterial pressure rises. Pressures in the great 
veins, the right atrium, and the pulmonary vessels 


Fic. 3 


tend to fall as these regions become less distended 
with blood (3, 18-21). Cardiac output is de- 
creased as the heart rate slows and stroke volume 
diminishes. When the fistula is opened, blood 
pours from arteries into veins. Despite an in- 
crease in cardiac output (3, 4, 19, 22-24), the ar- 
teries become less distended, and mean systemic 
arterial pressure falls, while the great veins be- 
come more swollen and pressures in the right 
atrium and pulmonary artery may increase (3, 
18-20). 

The effects of sudden changes in renal vascular 
pressures, similar to those occurring in the pres- 
ent experiments, on renal hemodynamics, urinary 
flow and electrolyte excretion have been extensively 
studied in isolated kidneys and anesthetized ani- 
mals, and have recently been discussed in detail 
(25-27). The kidneys of such preparations, 
whether or not the renal nerves are intact, ex- 
hibit a remarkable ability to maintain a constant 
rate of blood flow and glomerular filtration, in 
the face of wide variations in mean arterial per- 
fusing pressure. Renal blood flow and filtration 
rate were similarly unaffected in the present study 
by the changes in mean arterial pressure accom- 
panying closure and release of an arteriovenous 
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fistula, so that in contrast to the reported response 
of other vascular beds (3, 28, 29), the renal vas- 
cular resistance regularly increased when a periph- 
eral fistula was occluded and decreased when it 
was opened. Presumably this is a manifestation 
of the “autonomy” of the renal vasculature ex- 
pressed, in intact subjects (30-32) as in the iso- 
lated kidney, primarily through changes in afferent 
renal arteriolar resistance. 

When an arteriovenous fistula is occluded, ar- 
terial pulse pressure is diminished at the same time 
that the excretion of sodium is augmented. A 
narrowed pulse pressure was thought by Hooker 
(33) and Gesell (34) to result in antidiuresis and 
retention of chloride. More recently it has been 
shown by Selkurt (35) and by Goodyer and Glenn 
(36) that alterations in renal arterial pulse pres- 
sure per se are not necessarily followed by changes 
in the excretion of sodium. On the other hand, an 
increase in the mean arterial pressure perfusing one 
kidney has been reported by Selkurt to induce a 
unilateral diuresis of salt and water without greatly 
changing the glomerular filtration rate (35). In 
all subjects of the present study, the increase in 
sodium excretion produced by closing a fistula was 
accompanied by an elevation of the calculated 
mean arterial pressure. However, the increase in 
pressure was always much smaller than that re- 
quired in Selkurt’s experiments to bring about 
the change in sodium excretion. Furthermore, 
the changes in sodium excretion from patient to 
patient could not be correlated with the magnitude 
of the response of the blood pressure. 

The fraction of filtered sodium rejected by the 
tubules and appearing in the urine (I/Fy,) in- 
creased in all patients except one when flow 
through the fistula was shut off. 
of a consistent increase in the clearance of inulin 


In the absence 


or endogenous creatinine, the increase in renal 
excretion of sodium might be construed to be the 
result of altered tubular behavior toward this ion, 
presumably because of changes in nervous, hor- 
Unfortunately 
present techniques for the measurement of glo- 
merular filtration are not accurate enough to rule 
out completely the possibility that an undetected 
increase in the filtration of sodium might have oc- 
curred to account for the observed increment in 
sodium excretion. 


monal or intrinsic renal influences. 


The present findings might be considered an 
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example of the regulatory role of the kidneys in 
opposing distortions in the volume and distribu- 
tion of the fluids of the body. It has long been 
realized that renal excretion of salt and water must 
be conditioned by the volume of body fluids, as 
well as by their tonicity (37), and it has been rea- 
soned that renal excretion or retention of sodium 
may be related to some function of the volume of 
the circulating blood (38). Others have suggested 
that diuresis may be stimulated by an increase, and 
depressed by a reduction, in the cardiac output 
(39). Studies of the effects of posture on diure- 
sis support the view that the effective distribution 
of blood rather than its total volume is important 
in influencing renal behavior (6, 40, 41). The 
great veins (42), the right heart and pulmonary 
artery (43), the cranial cavity (44), the “cepha- 
lad portion of the body” (45), and the arterial 
pressoreceptors (46) have all been proposed as 
possible sites for the initiation of afferent impulses 
designed to modify renal excretion of salt or wa- 
ter. Since the distribution of blood in the vascular 
tree of a patient with an arteriovenous communica- 
tion is altered acutely when the shunt is occluded 
or released, the present study provides additional 
information by which to evaluate these hypothe- 
ses. The data suggest that an increase in arterial 
pressure or arterial filling may initiate a chain of 
events culminating in an increased renal excretion 
If this were true, the experimental 
creation of a large arteriovenous fistula might be 
expected to promote the renal retention of salt, at 
least until a new equilibrium is established. This 
sequence of events has in fact been observed (47, 
48). 

It is interesting to list the circulatory states, 
chronic as well as acute, in which the kidneys tend 
to retain sodium. Dehydration (49), hypopro- 
teinemia (50, 51), and hemorrhage (52, 53) are 
associated with a diminution in total blood volume. 
In quiet standing (6), venous congestion of the 
limbs (54, 55), partial occlusion of the superior or 
inferior vena cava (56), and portal hypertension 
(57), filtration from the capillaries is increased 
and in addition blood is pooled in the peripheral 
veins, away from the general circulation. Acute 
(58) and chronic (59, 60) constrictive pericardi- 
tis, constriction of the pulmonary artery (61, 62) 
and congestive heart failure are characterized by 
distention of the central veins with blood which 


of sodium. 


the heart is unable to pump efficiently into the 
aorta. In some of the above conditions the volume 
of blood in the central veins is reduced; in others 
these vessels are engorged. In all, however, there 
exists a tendency toward inadequate filling of the 
systemic arterial tree, either because of a dimin- 
ished total blood volume or an altered distribution 
of blood within the vascular system. The latter 
may have its origin either in pooling or shunting 
of blood in the periphery or in failure of the heart 
asa pump. The changes in sodium excretion, de- 
scribed in the present communication, which ac- 
company occlusion or release of an arteriovenous 
fistula, are consistent with the hypothesis that re- 
nal excretion or retention of sodium is conditioned 
by the degree of filling of some portion of the ar- 
terial tree. 

SUM MARY 


Occlusion of an established arteriovenous fistula 
results in an increased renal excretion of sodium, 
This accompanies the well-known rise in diastolic 
arterial pressure and slowing of the cardiac rate, 
despite no change in glomerular filtration rate, re- 
nal blood flow or renal venous pressure. The lat- 
ter values are usually normal and are not altered 
significantly by surgical repair of the fistula. The 
data suggest that renal excretion of sodium may 
be conditioned by the degree of filling of some por- 
tion of the arterial tree. 
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INTRODUCTION 


In normal supine human subjects (1, 2), the 


rapid intravenous injection of glucose or manni- 
tol sharply augments the excretion of sodium. 
Animal experiments indicate that the natriuresis 
may be mediated at least in large part by a direct 


renal response to a change in the concentration of 
the solute in the blood perfusing the kidney (3). 
It has been suggested that the injected solute re- 
strains the reabsorption of water in the proximal 
tubules and interferes with the reabsorption of 
sodium by accelerating the flow of the tubular 
fluid (1,3), or by diluting the concentration of tu- 
bular sodium below that in extracellular water 
(4). It is implied in these theories that the ca- 
pacity of the tubular system for sodium transport 
is either fixed, or only slowly adaptive to changing 
loads of sodium. It has therefore been of consider- 
able interest to determine the extent to which, and 
the rapidity with which, internal regulatory fac- 
tors may counterbalance the intratubular effects 
of administered solutes. Certain measures which 
promote the retention of sodium in normal sub- 
jects (antecedent salt restriction, or the adminis- 
tration of DOCA) are comparatively ineffective 
in preventing the sodium diuresis induced by sol- 
(5). 
mechanisms in patients with edema severely limit 


ute loads However, internal regulatory 
the excretion of sodium despite massive glycosuria 
(6) even when the renal hemodynamic pattern is 
therefore, 
whether the retention of sodium during osmotic 


essentially normal, It is not clear, 
diuresis is a unique feature of the edematous state, 
or whether the stimuli which have been used to 
promote salt retention in normal subjects are of 
insufficient intensity. 


1 This study has been supported by grants from the 
American Heart Association and the National Institutes 
of Health, Public Health Service (Grant No. RG-3076). 

2 Markle Scholar in Medical Science. 

8 Present address: Southwestern Medical School of the 
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Since quiet standing constitutes an extremely 
potent stimulus for sodium and water retention 
(7-9), the present experiments were undertaken 
with the following objectives in mind: (7) to de- 
termine whether normal subjects, under the in- 
tense stimulus to retain sodium imposed by quiet 
standing, nevertheless develop the usual diuresis 
of sodium with solute loads; (2) to decide, by 
means of clearance techniques, whether the effects 
observed are mediated by changes in glomerular 
filtration or tubular transport; and (3) to identify, 
where possible, the changes in the internal environ- 
ment which may have been conditioning the renal 
response. 


EXPERIMENTAL PROCEDURE 


Control and experimental studies were carried out in 
nine young healthy male subjects. Urine and blood were 
first obtained while the subject was engaged in normal 
activity (expts. 1 and 2—Table I), or lying supine on an 
examining table (expts. 2 to 14—Tables I and II). Next, 
several samples of blood and urine were collected during 
quiet standing (the subject stood at the side of a shelf on 
which his arms rested, with only such minimal movement 
of the trunk and extremities as was found necessary to 
prevent collapse). Finally, several recovery periods were 
obtained during which the subject again assumed a su- 
pine position. In one experiment (Table II, expt. 9) ad- 
ditional periods during quiet standing and recovery in the 
supine position followed. Urine was collected in all 
cases by voluntary voiding. In our experience, the er- 
ror involved in this method, in selected normal young 
subjects, is small. The possible effect of such an error 
on the urinary changes observed between periods of low 
and those of high flow, has been minimized in most cases 
in these experiments by averaging the data of more than 
one period of actual urine collection in each of the “pe- 
riods” designated A, B, C, etc., in Tables I and IT. 

Two types of control studies are summarized in Table 
I. The effects of quiet standing alone, without solute 
loading, were studied in three experiments during de- 
hydration and hydration. Table I summarizes the effects 
of injections of hypertonic solutions of sodium bicarbonate 
and sodium phosphate (pH 7.4) while the subject was 
supine. Table II summarizes the results of experimental 
studies of the effects of injections of mannitol and so- 
dium salts during the period of quiet standing. 
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EFFECT OF STANDING 


Data, in part previously reported by this laboratory 
(2, 9), on the effects of mannitol loads in supine sub- 
jects, and of saline infusions in both supine and_ stand- 
ing subjects, have also been used in the construction of 
Table III and Figures 1 and 2. 

In six experiments (expts. 3, 8, 10, 11, 12, 13), glo- 
merular filtration rates were estimated from the clear- 
ance of inulin administered as a constant infusion. The 
isotonic sodium phosphate used in experiments 4 and 14 
was prepared as a mixture of NaH,PO, and Na.HPO, 
of pH 7.4 (10). 

Mannitol in serum and urine was analyzed by the 
method of Smith (11), modified according to Elkinton 
(12), inulin by the method of Roe (13), potassium and 
sodium on a flame photometer, and inorganic phosphate 
by the method of Fiske and Subbarow (14) as modified 
for the photoelectric colorimeter. Chloride in the serum 
was determined by the method of Hald (15), protein by 
the biuret reaction (16), and total CO, content by the 
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method of Van Slyke and Neill (17). Urea and am- 
monia in the urine were determined by the methods of 
Conway (18), and chloride by a modification of the 
method of Volhard and Harvey (19). Acute changes in 
plasma volume were calculated from changes in the hemo- 
globin and hematocrit as described previously (9). The 
pH of serum was determined, with anaerobic precautions, 
with a glass electrode (Beckman). Because of the diffh- 
culties of collecting urine anaerobically under the condi 
tions of these experiments, bicarbonate concentrations in 
the urine were not directly measured. However, since 
bicarbonate constitutes the major urinary anion in those 
experiments in which sodium bicarbonate was infused, 
changes in the excretion of bicarbonate were estimated 
from changes in the excretion of “undetermined anions” 
(calculated according to the formula: A = [Na+ K 4 
NH,] — Cl, where A is the rate of excretion of “unde- 
termined anions”). In 27 urines collected anaerobically 
in normal individuals during the infusion of sodium bi 


TABLE I 


The effects of quiet standing, and of infusions of NaHCO, and Na,HPO,, 
on the serum and urine of normal subjects 


Control studies. 


Urine Serum? 
Change 
Subject alice Periodt| Time . GFR plasma 
Flow} Na | Cl | K | NHal Pij Na | Cl | K | COs} Prot.| pH | | vol-$ 
no mins.| min. micro. Eq./min. min. mEq. /liter % % | percent 
1) AVG (a) | Ambulant| A 140 | 0.4 44.4] 68.0] 39.6] 26.0 142 101 3.6 7.75 
Standing B 63 | 0.2 4.7) 15.6] 27.2) 19.5 138 | 104 3.6 7.95 ~42 
Supine Cc 131 | 0.3 6.8} 19.1] 38.3) 21.3 138 | 106 3.7 7.05 + 5 
2) DWS (a) | Ambulant} A 74 | 0.6 | 108 | 125 37.4] 16.7 | 13.3 
Supine B 64 0.6 | 140 100 42.5) 13.3 138 | 102 3.4 127.5 | 7.92 | 7.43 4.5 6 
Standing & 38 0.4 81.2) 92.0) 38.6} 8.0 16.6 140 | 102 3.5 | 27.0) 7.25 | 7.46 4.6 +14 
Supine D 50 | 0.2 9.1} 12.2] 19.0) 6.4 11.6 137 | 102 3.8 | 24.0} 8.18 | 7.49 3.8 6 
Supine E 09 | 0.3 18.8} 27.0) 23.1) 8.1] 25.8 142 | 102 3.5 | 27.1 | 7.54 | 7.47 4.2 + 2 
3) DWS (b) | Supine A 66 6.8 | 294 | 403 102 41.7 13.5 161 140 | 105 5.0 6.54 3.5 
Standing B 69 1.4 | 210 270 70.0} 37.5 12.7 126 141 | 105 4.9 |25.0| 6.78 | 7.42 3.6 0 
Supine 32 160 | 230 57.0} 38.3 18.7 103 141 | 105 §.0 | 22.4} 7.22 | 7.38 3.6 —24 
Supine D 86 4.7 | 247 318 78.5} 39.9 31.7 140 140 | 105 5.0 | 24.2 | 6.20 |7.48 3.6 + 4 
4) H., Supine A 114 | 3.1 91.5) 83.2}120 | 16.4] 53.4 ¢ 96.0) 4.3 | 26.7) 7.12 |7.46) 4.5 
1 liter, 1% Supine B** 116 | 3.8 | 161 24.2; 210 | 27.3 | 472 131 | 93.0] 3.8 | 25.9] 6.71 17.52] 10.1 
NaaH POs Supine 91 4.0 | 248 25.3) 203 21.6 | 584 138 93.3} 3.6 | 26.3 | 7.00 | 7.49) 10.2 
5) Mac, Supine A 108 | 0.6 79.6) 122 34.4) 32.8 25 
600 cc., 3.1% | Supine BY 54 | 2.6 |527 |179 | 191 17.0 556 137 | 103 | 4.7 | 24.4) 7.20 | 7.44 
NaHCOs Supine Cc 146 1.6 | 371 51.8] 151 1.6 471 145 98.4) 4.3 | 31.8] 6.28 | 7.52 
Supine D 225 | 0.8 88.7} 29.5) 8.4] 7.1 74 142 | 101 4.8 | 29.1] 7.16 | 7.46 
6) Kat, Supine A 66 | 1.1 1172 | 199 91.5) 38.6 104 
550 ce., 2.7% | Supine B** 104 20: 1377 206 | 200 41.3 382 140 | 103 24.1) 7.35 | 7.43 
NaHCOs Supine CW 210 1.2 | 253 88.5] 134 <i 298 144 99.7) 3.9 | 28.0) 7.50 | 7.46 
7) Hal, Supine A 98 | 2.7 |200 | 259 | 113 | 26.6 120 
600 cc., 3.1% | Supine Be 63 6.2 | 835 330 | 249 ae 759 132 95.0) 5.7 | 27.6] 7.82 | 7.30 
NaHCOs Supine Cc 89 | 2.8 |373 | 127 | 193 2.4 441 139 | 94.0] 5.4 | 32.3 | 6.96 | 7.32 
Supine DW 140 2.2 | 162 35.8} 103 3.4 232 136 93.6| §.1 | 32.0} 7.05 | 7.40 


* Subjects were normal young adults. AVG, DWS (a), Mac, and Kat were thirsting for 12 to 14 hours before the 
experiments, and were given no water during the experiments except in period marked w. DWS (b), H, and Hal were 
allowed water ad lib. before the experiments, and drank 100 cc. per hour during the experiments. DWS (b) ingested 15 

ms. of NH,CI in 36 hours before experiment. This subject also was infused with normal saline containing requisite 
inulin and sodium para-aminohippurate, at about 2.3 cc. per minute throughout the experiment. 

t Infusions of test solutes were given during periods marked**. Water p. o. allowed ad lib. in periods marked w. 
Each period composed of 1 to 3 sub-periods corresponding to individual collections of urine. 

t Serum values at the beginning of each corresponding period, except for values in italics which are at the end of the 
corresponding period. 

Changes in plasma volume at the beginning of each corresponding period, calculated with respect to the control 
period, which is indicated by 0. 
|| P calculated as BzHPO,. 
# See Experimental Procedure for calculation of anions. 
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measured excretion of bicarbonate with an error of 18 + 
9 per cent. 


RESULTS 


Quiet Standing Alone (Table 1): 


The effects of quiet standing during hydration 
‘ and water deprivation were studied in three ex- 
periments on two subjects. The passive erect 
position caused the plasma volume to contract. 
Urine flow, sodium, potassium and chloride ex- 
cretion decreased in all experiments, and remained 
below control values during one or more periods in 
the supine position. Glomerular filtration de- 
creased in the one experiment in which it was 
measured. In addition, the excretion of ammonia 
decreased slightly in the two hydropenic subjects, 
phosphate excretion was unchanged or declined in 
two experiments, and the serum bicarbonate de- 
creased slightly, with no significant change in the 
serum pH in the two experiments in which it was 
measured. 
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Individual periods of urine collection. 
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carbonate, this estimate has been found to agree with the 


RATE OF MANNITOL EXCRETION 
micro—mols/min 
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Quiet Standing with Mannitol Infusion (Table 
IT): 


The administration of 350 cc. of 25 per cent 
mannitol to two thirsting subjects (expts. 8 and 9) 
prevented any significant contraction of the plasma 
volume. Presumably the transudation of fluid in 
the lower extremities caused by quiet standing was 
balanced by the movement of fluid from the tissues 
into the blood stream, possibly as a result of two 
mechanisms : (a) the extraction of water from cells 
(indicated by the decrease in the serum sodium), 
and its distribution to the plasma volume as a part 
of the extracellular space ; and (>) the withdrawal 
of fluid from the extracellular fluid into the blood, 
as a result of the transient osmotic’ gradient set up 
during diffusion of mannitol from the vascular 
compartment. 

Glomerular filtration was also maintained at 
control values during the period of quiet standing 
in experiment 8. 

The excretion of water, sodium, and chloride 


‘ i | 
@ MANNITOL INFUSION ONLY | 


MANNITOL INFUSION DURING STANDING 
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CHANGES IN THE RATE OF EXCRETION oF SopIUM COMPARED WITH THE RATES oF Ex 
CRETION OF MANNITOL CAUSED BY INFUSIONS OF MANNITOL 


Data concerning the infusion of mannitol only, taken 
from seven experiments in part previously reported (2, 20) 
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TABLE Ill 


Modification of the decrease in sodium excretion during quiet 
standing by infustons of sodium salts 


Mean 
change* 
in sodium 
excretion 

mtcro. 
Eq./min. 
— 39to —243 
400 cc., 3-4% NaCl** y — 30to —172 
400 cc., 6% NaCl** +273to —149 
500 3.6% NaHCO, +228to +117 
1,000 cc., isotonic, 

neutral sodium 

phosphate 1 +3 — 


No. of 
obser- Range* 


Infusion given during 
micro. E-q./min. 


quiet standing 


* Values calculated as the differences between the aver- 
age rates of 1-3 control periods, and the rates of 1-2 
experimental periods. 

** Data of 3 of the experiments without infusions, and 
of all the experiments with NaCl infusions, were taken 
from another study (4). 


. 


increased during the infusion of mannitol and for 
several periods thereafter (expts. 8 and 9). How- 
ever, it is evident from Figure 1 that quiet stand- 


ing in these experiments limited the usual increase 


in excretion of sodium which is caused in the nor- 
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mal subject by the infusion of mannitol. Indeed, 
in one of the experiments (expt. 9, Table IT), so- 
dium excretion decreased below contro] values 
during a second period of quiet standing and then 
increased again when the subject was supine, al- 
though the excretion of mannitol continued slowly 
to decline. 

In a third experiment, on a hydrated subject 
(expt. 10, Table II), the injection of a smaller 
quantity of mannitol maintained glomerular fil- 
tration at control values, and the plasma volume 
at or above control values, but sodium excretion 
declined below control values despite a mannitol 
diuresis which would have induced marked losses 
of sodium, if the subject had been supine. 


Quiet Standing with the Infuston of NaHCO, or 
Na,HPO,: 


Control Studies: The infusion of 18.75 gms. 
of NaHCO, as a 3 per cent solution into normal 
supine subjects augmented greatly the excretion 


of water, sodium, and potassium. Chloride ex- 


@ BICARBONATE 


CHANGE IN RATE OF SODIUM EXCRETION 
micro—eq, min 


() BICARBONATE INFUSION, CONTROLS 
INFUSION, QUIET STANDING 
(h PHOSPHATE INFUSION, CONTROLS 

©) PHOSPHATE INFUSION, QUIET STANDING 


200 300 
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500 600 7060 600 S00 


CHANGES IN RATE OF ANION EXCRETION 
micro— eq /min. 


Fic. 2. CHANGES IN THE RATE OF EXCRETION OF SopDIUM COMPARED WITH 
CHANGES IN THE RATE OF EXCRETION OF ANIONS CAUSED BY THE INFUSION 


or NaAHCOs ano Na,HPO, 


Individual periods of urine collection. 
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cretion initially increased, but then decreased. 
Ammonia excretion uniformly declined. The con- 
centrations of bicarbonate and sodium in the se- 
rum increased; those of chloride and protein de- 
creased, 

The infusion of one liter of isotonic Na,HPO, 
into one normal subject increased greatly the ex- 
cretion of sodium and potassium, increased slightly 
the excretion of ammonia, and decreased the excre- 
tion of chloride. The concentrations of chloride 
and protein in the serum decreased slightly, that 
of phosphate increased greatly. 

Studies with Quiet Standing: Injections of so- 
dium bicarbonate and buffered sodium phosphate 
prevented any significant fall of plasma volume, 
in three of four experiments (expts. 11, 12, 13), 
or of glomerular filtration rate in two experiments 
(expts. 11 and 12). However, sodium excretion 
was augmented in the same manner during quiet 
standing as in the supine position in each experi- 
ment (Figure 2). This was in sharp contrast to 
the inhibition of sodium excretion caused by the 
passive erect posture during mannitol loading (de- 
scribed above) and during salt loading (Table 
III). In the latter Table, various sodium salts 
are compared for their effects on the usual reten- 
tion of sodium induced by quiet standing. Al- 
though the excretion of sodium decreased during 
quiet standing in spite of infusions of sodium 
chloride (except in one experiment with 6 per 
cent saline), it increased in all experiments in 
which sodium bicarbonate or phosphate was in- 
fused. 
the administration of sodium bicarbonate during 
quiet standing, as in control studies, but was not 
appreciably changed by infusions of sodium 
phosphate. 


Potassium excretion was augmented by 


DISCUSSION 
A. Infusions of Mannitol 


In the present experiments on normal subjects 
during quiet standing, as in previous experiments 
on patients with edema (6, 20), the sodium diure- 
sis induced by mannitol loads was partially in- 
hibited (Figure 1). Since glomerular filtration 
rate remained at or above control values (expts. 8 
and 10) the inhibition of sodium diuresis ap- 
peared to be the result of an increased capacity 
of the renal tubules to reabsorb sodium. This 
conclusion is in doubt only to the extent that the 
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estimation of glomerular filtration by 
clearance methods is not sufficiently accurate to 


present 


define the exact relationship between a small (un- 
measurable) fall in the filtered 
change in the tubular reabsorption of this ion. 
The results do not imply that the renal re- 
sponses to infused solutes are not mediated at 


sodium and a 


least in part by the direct effect of a change in the 
solute content and flow of the tubular fluid (3). 
They do emphasize, however, that internal regu- 
latory mechanisms in normal subjects, as in pa- 
tients with edema, may be of sufficient intensity 
to limit the intratubular effects of an adminis- 
tered solute on the reabsorption of sodium. What 
specific regulatory mechanisms are involved, and 
whether they may apply to the state of edema, are 
questions concerning which only inferential data 
are now available. 

In the present experiments, several factors of 
the internal environment were considered possible 
stimuli for the retention of sodium : 


1. Changes in the serum sodium (Table 11), 
and calculated internal shifts of water and electro- 
lytes were not significantly different during quiet 
standing from those in previously reported experi- 
ments in which mannitol was administered in the 
supine position (2). In experiments 8 and 9, 
when hypertonic mannitol was infused, intracel- 
lular balances of water and potassium were nega- 
tive. Positive values for sodium were too small 


to be considered significant. In experiment 10, 


when 4.25 per cent mannitol was infused, intracel- 


lular balances of water, sodium, and potassium 
were not significantly altered. 

2. Support of the total plasma volume in these 
experiments by the infusion of mannitol, as in 
other similar studies by the infusion of albumin 
(9), failed to eliminate the stimulus for salt re- 
tention (Figure 1) elicited by standing. 
infusions, however, undoubtedly did not prevent 
local pooling of blood (in the lower extremities ), 
transudation in the area of increased venous pres- 
sure, and consequent redistribution of the flow and 
volume of the circulating blood. 
of these factors in the control of salt excretion may 


These 


The importance 


be inferred from studies of other abnormal circu- 
latory states in which they may also be operative : 
Sodium retention occurs with the venous conges- 
tion produced by tourniquets on the limbs (21) 


| 
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or by obstruction of the inferior vena cava (22, 
23) and with the portal congestion of decompen- 
sated hepatic cirrhosis (24) just as it does when 
a large volume of blood is actually removed from 
the circulation by hemorrhage (25). With ve- 
nous obstruction, cardiac output and arterial blood 
pressure tend to fall (26). The renal response 
occurs in spite of lumbodorsal sympathectomy 
(21) and is independent of the pituitary (27), the 
adrenals (28) or of measurable circulatory 
changes in the kidney, but it may be eliminated by 
very large blood transfusions (26) (which prob- 
ably overcompensate for blood lost by pooling). 
The upright position causes vasoconstriction in 
the cerebral (29) and splanchnic (30) areas; the 
renal response may occur in the absence of the 
adrenals (31). 

It is possible, therefore, that in the present ex- 
periments, although there was no hemoconcentra- 
tion when mannitol was infused during quiet 
standing, the kidneys may have responded not to 
the circulating blood volume as a whole, but to a 
change in the flow and/or volume of blood in some 
“central” area of the circulation (32, 33). 


B. Infusions of Sodium Bicarbonate and Phosphate 


In order to determine more precisely the in- 
tensity and character of the increased tubular ca- 


pacity for sodium transport which is induced by 
quiet standing, sodium bicarbonate and buffered 
sodium phosphate were injected in experiments 
11 to 14. These salts impose unique limitations on 


the tubular reabsorption of sodium. When the 
anion of an administered electrolyte is reabsorbed 
only to a slight extent, the total excretion of ca- 
tions into the urine is correspondingly increased 
because of the limited quantity of free acid which 
may be secreted by the tubules. The factors which 
determine the nature of the “covering” cation are 
unclear, but under ordinary conditions, particu- 
larly when the administered electrolyte is a sodium 
salt, this cation is mostly sodium. In the presence 
of a strong stimulus for the retention of sodium, it 
might be expected that the increased cation would 
be largely potassium (or conceivably partly am- 

4 This limitation is imposed not only because of the ex- 
treme acidity of acids such as HsPO, and H,SO,, but 
also, in the case of bicarbonate, because of the probability 
that CO, has a great capacity to diffuse back rapidly 
across the tubular membrane. 
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monium, in the case of phosphate or sulfate). In- 
deed, when sodium bicarbonate is administered to 
patients with congestive heart failure or with “de- 
compensated” hepatic cirrhosis, the bicarbonate 
ion is excreted to a great extent with potassium 
(20). However, in the present experiments, in- 
jected sodium bicarbonate and sodium phosphate 
were excreted much more easily during quiet 
standing than were similar quantities of sodium 
chloride which were of about the same tonicity and 
which increased the serum sodium to approxi- 
mately the same extent (Table III). Further- 
more, standing did not alter the role of sodium as 
the chief “covering” cation in the urine (Figure 
2). The increased excretion of potassium was 
similar to that which was observed in the absence 
of a stimulus for the retention of sodium. 

Two explanations for these results suggest them- 
selves: (1) the effects of administered phosphate 
or bicarbonate on the excretion of sodium involve 
renal tubular mechanisms which may be entirely 
distinct in location (proximal vs. distal) or char- 
acter (ion exchange vs. trace resorption) from 
those involved in the sodium retention of quiet 
standing ; or (2) the stimulus for sodium retention 
imposed by quiet standing is not sufficiently power- 
ful to counteract the unique limitation imposed by 
the excretion of bicarbonate and phosphate on the 
reabsorption of sodium. It may be that the excre- 
tion of sodium bicarbonate would be curtailed in 
the normal subject, as it is in the patient with 
edema (20, 34-36), if the stimulus for the reten- 
tion of sodium were intense enough and sufficiently 
prolonged. 


SUMMARY 


Infusions of mannitol, sodium bicarbonate and 
sodium phosphate were administered to normal 
subjects in the supine position and during quiet 
standing. 

Observations were made of changes in the 
plasma volume, the serum electrolytes, and the 
urinary excretion of the loading solute, and of so- 
dium and other electrolytes. 

It was found that quiet standing partially in- 
hibited the sodium diuresis induced by the adminis- 
tration of mannitol, but did not interfere with the 
increased excretion of sodium caused by infusions 
of NaHCO, or Na,HPQ,. 


| 
\ 
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EFFECT OF STANDING ON 


The results with mannitol indicate the operation 


of internal regulatory mechanisms on the intrinsic 
renal responses which characterize solute diuresis. 


The results with sodium bicarbonate and phos- 


phate are discussed in relation to the unique limi- 
tations imposed by these salts on the tubular re- 
absorption of sodium. 


wm 
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13. 
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INTRODUCTION 


Studies by Wagner (1) on the quantitative esti- 
mation of glycogen in human blood disclosed the 
average glycogen content per 100 ml. to be 5.5 mg. 
In separated leukocytes an average of 2.54 micro- 
grams of glycogen was found per 10° total leuko- 
cytes, or 4.23 micrograms per 10° granulocytic 
leukocytes. No detectable glycogen is present in 
human plasma or erythrocytes. It has been both 
denied (2) and claimed (3) on the basis of histo- 
chemical data that lymphocytes and platelets con- 
tain small amounts of glycogen. The work of 
Wagner (1, 4), however, would indicate that the 
granulocytic leukocyte is probably the only sig- 
nificant representative of the white cells in the 
peripheral blood which contains glycogen. Stud- 
ies on leukemic leukocytes (4) indicate that the 
blast cell contains no measurable amount of glyco- 
gen. Both histochemical studies (5) and_ the 
quantitative observations of Wagner (1, 4) sug- 
gest that glycogen first appears in the granulocytic 
leukocytes at the myelocytic stage and may in- 
crease with increasing cell maturity. Wagner (4) 
has observed a normal content of glycogen per 10° 
leukocytes in chronic myelocytic leukemia. In 
this laboratory, recent studies (6) have shown 
that whereas total leukocyte glycogen is frequently 
within the normal range, unit myeloid cell leuko- 
cyte glycogen is low. This is not explainable 
solely in terms of cell immaturity in the leukemic 
blood analyzed. In polycythemia vera of the type 
associated with leukocytosis and leukemoid reac- 
tions, the unit myeloid cell glycogen is substantially 
above normal (6). Wagner (4) has observed in- 
creased leukocyte glycogen values in polycythemia 
vera and Wachstein (5) has made similar quali- 
tative observations on the basis of histochemical 
staining techniques. The leukocyte glycogen con- 
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tent may be remarkably increased in Von Gierke’s 
disease (1, 7). 

It is the object of this study to present further 
observations on the glycogen content of human 
leukocytes in health and in various disease states 
employing an adaptation of the anthrone tech- 
nique (8, 9) te glycogen measurements in white 
blood cells. 

METHODS 


Since the myeloid leukocytes are apparently the only 
significant source of blood glycogen (1) the following 
method has been employed in the estimation of leuko- 
cyte glycogen. Blood was collected as for the phos- 
phatase determination (10) in a freshly prepared saline 
solution of bovine fibrinogen (Fraction I), Armour, and 
the erythrocytes allowed to settle. Since this process is 
relatively rapid and satisfactory separation nearly in 
variable by thirty minutes, it was possible within this 
space of time to remove the practically red-cell-free but 
white-cell-rich supernatant to a separate container. This 
leukocyte-platelet suspension was thoroughly mixed and 
1 ml. aliquots pipetted into triplicate boiling tubes con- 
taining NaOH in final concentration of 30 per cent. 
Total leukocyte counts were made in triplicate on the 
mixed suspension subjected to analysis, and in duplicate 
on a simultaneously removed specimen of venous blood. 
Blood smears were also obtained from the ear at the 
time of venepuncture and 200 cell differential leukocyte 
counts made. The remaining leukocyte suspension was 
then centrifuged and 1 ml. of the cell-free supernatant 
pipetted into each of two tubes containing NaOH in the 
same manner as the unknowns. served as (1) 
a blank and (2) a standard after addition of a known 
amount of glucose since their composition was identical 
with that of the unknown except for the contributions of 
the cells. All material was digested by boiling for 45 
min. in a water bath, the tubes being covered with glass 
marbles to prevent evaporation. At the end of 45 min 
sufficient 95 per cent alcohol was added to each tube to 
bring the final alcohol concentration to 60 per cent. The 
glycogen which precipitates at this concentration of al- 
cohol was allowed to settle and the precipitate centri 
fuged. The precipitate was then washed twice with 60 
per cent alcohol and, after removal of the bulk of the 
final supernatant, dried at approximately 100° C in a 
drying oven. Each of the triplicate unknowns was sus- 
pended in 4 ml. of distilled water and to this was added 
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TABLE I 
Glycogen content of separated leukocytes in normal subjects 


Glycogen content 


Per 101° _ Per 10'* myeloid Per leukocytes of 
Subject a ‘ leukocytes leukocytes 100 ml. of blood 
mg. meg. 


2.13 
3.78 
1.93 
3.75 
4.08 
2.96 
3.24 
6.20 
3.08 
2.02 
3.97 
5.86 
2.21 


So 


APF 


SOSH 


ano 


48.2 
31.8-74.0 


175 
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mellitus ond/or leukocytoses cythemia myelocytic 
cortisone of infection vera leukemia 


normals 


Hic. 1. Mean, STANDARD DEVIATION, AND RANGE OF GLYCOGEN CONTENT PER 10” 
Leukocytes 
The data in diabetes mellitus have excluded a single, unexplainably high value as 
discussed in the text. The data for polycythemia vera refer only to cases of this syn- 
drome with concomitant leukocytosis and/or leukemoid reaction. 


252 
- 
118.6 
79.8 f 
69.2 
85.0 
76.3 
i 81.5 
85.0 
93.8 
73.8 
53.0 
65.2 
79.3 
51.2 
70.0 3.69 
99.0 
/ 86.0 5.27 
66.2 2.77 
47.2 2.43 
10,250 49.0 3.68 
7,325 81.0 3.56 
Mean: 75.1 + 17.4* 3.61 
Range: | 47.2-118.6 1.93-6.2 
* Standard deviation. 
|__| 
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8 ml. of the anthrone reagent (8, 9) (0.2 per cent an- 
throne in concentrated H,SO,). The blank was identi- 
cally treated and the standard was prepared by adding 
4 ml. of distilled water containing 50 micrograms of glu- 
cose to the second blank material. The color developed 
was read after 10 minutes at wave length 620 using the 
Beckman Model B spectrophotometer. The determina- 
tion was related to the glucose standard and the glycogen 
content of the unknowns computed by the standard 
formula: 


50x V 


micrograms of glycogen in aliquot = iilxs 


V—optical density of unknown, 
S—optical density of 50 microgram glucose standard, 
1.11—factor of conversion of glucose to glycogen. 


To our knowledge the anthrone method (9) has not 
previously been employed specifically for leukocyte gly- 
cogen. It has the advantage that hydrolysis of the puri- 
fied glycogen is not necessary. The anthrone reagent 
must be prepared fresh, the sulphuric acid of high purity, 
and care must be taken to prevent contamination with 
lint or other material which will react with this reagent 


RESULTS 


Normal subjects. Table I and Figure 1 show 
the leukocyte glycogen values in 21 normal sub- 
jects. The latter were ostensibly healthy individu- 
als admitted to the hospital for such conditions as 
hernia repair and all samples were analyzed prior 
to any corrective procedures. All had total and 
differential leukocyte counts within the normal 
range. By the anthrone technique mean leukocyte 
glycogen per 10*° total leukocytes was 48.2 mg. 
with a range of 31.8 to 74.0 mg. The more signifi- 
cant mean value of glycogen content per 10'° 
myeloid cells (since the only significant leukocyte 
carrier of glycogen appears to be the granulocytic 
cells) was 75.1 mg. and the range 47.2 to 118.6 mg. 
The mean glycogen content of the leukocytes sepa- 
rated from 100 ml. of blood was 3.61 mg. and the 
range 1.93 to 6.20 mg. These values for separated 
leukocytes are somewhat higher than those of 
Wagner (1) but more closely approximate the 
theoretical expectancy on the basis of whole blood 
glycogen values. Wagner explained his less than 
expected values in terms of glycogen degradation 
during the separation procedure. The difference 
in separation technique and the short interval be- 
tween the time of blood withdrawal and the in- 
troduction of leukocytes into the alkali digestion 
mixture may explain the higher values here 
obtained. 
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TABLE 
Effect of fasting and food ingestion on leukocyte glycogen 


Glycogen per 10" 


Subject leukocyte Remarks 
157.0°* Fasting 
149.5 105 min. p.c. 
53.0 Fasting 
46.3 105 min. p.c. 
71.6 Fasting 
68.9 105 min. p.c. 
B.F 67.2 Fasting 
73.1 90 min. p.c. 
RP: 43.2 Fasting 
51.0 75 min. p.c. 


* Polycythemia vera with leukocytosis responsible for 
high values. 


Effect of fasting and food intake on leukocyte 
glycogen. Table II shows a comparison of leuko- 
cyte glycogen values determined on the same day 
during the fasting state and 1% to 1% hours after 
a routine breakfast in subjects with various dis- 
eases. It can be readily seen that the postprandial 
values are essentially the same as those obtained 
before ingestion of food. It has, therefore, not 
been deemed necessary to employ fasting blood 
only in these determinations. 

Diabetes mellitus. Table II] summarizes the 
findings of 16 determinations on 15 diabetic sub- 
jects. All but two were receiving insulin. In 
twelve instances the studies were performed on 
fasting blood on which blood sugar and carbon- 
dioxide combining power determinations were 
simultaneously made. In all subjects the diabetes 
was insufficiently controlled in terms of fasting 
blood sugar values and/or urinary sugar. In the 
12 instances in which simultaneous blood sugar 
determinations were made they were found to 
range from 138 to 608 mg. per cent. One subject, 
J. J., was in coma. The blood sugar was 608 mg. 
per cent and the carbon-dioxide combining power 
less than 5 volumes per cent. Despite the diabetic 
state and high blood sugar levels at the time of the 
studies, with one exception the mean glycogen 
per 10*° myeloid leukocytes was within the normal 
range. The mean for the entire group was only 
slightly higher than normal and this could be at- 
tributed entirely to the unexplainably high value 
obtained in a single patient (J. R.). In Figure 1] 
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TABLE Ill 
Glycogen content of leukocytes in poorly controlled diabetes mellitus 


Glycogen content 


Per myeloid 
leukocytes 
mg. 


Per 10 
leukocytes 
mg. 


Per leukocytes of 
100 ml. of blood 


Insulin 


Mean: 


Range: 49.7-168.0 


78.5 + 26.9} 


24.83 


t Standard deviation. 
on patient J. R. 


the range and mean glycogen values per 10°° mye- 
loid cells are shown with the exclusion of patient 


of diabetes mellitus nor the high sugar environ- 


It appears that neither the metabolic defect 


ment of the leukocytes in these subjects is reflected 
in any deviation of leukocyte glycogen from the 
normal range. 

Subjects receiving cortisone and/or ACTH. 
ACTH and cortisone therapy are well known to 


Large standard deviation is chiefly result of inclusion of unexplainably high value obtained 


have profound effects on carbohydrate metabolism 
and glyconeogenesis. It was, therefore, considered 
of interest to investigate the glycogen content of 
separated leukocytes in subjects receiving large 
Table IV and Figure 1 
Seven 
subjects were receiving cortisone alone in doses 
ranging from 75 to 200 mg. a day. One subject 
(L. H.) was receiving 150 mg. of cortisone a week 


doses of these agents. 
show the findings in nine such subjects. 


TABLE IV 


Glycogen content of leukocytes in subjects receiving cortisone or ACTH 


Glycogen content 


Per 10 Per 10" myeloid 


Subject leukocytes leukocytes 


Per leukocytes of 
100 ml. of blood 


Therapy 


W. T. 
S. L. 


65.1 + 10.8* 
53.2-86.3 


Mean: 
Range: 


ACTH 75 mg. daily and 
cortisone 75 mg. daily 
Cortisone 75 mg. daily 
Cortisone 75 mg. daily 
Cortisone 75 mg. daily 
Cortisone 100 mg. daily 
Cortisone 150 mg./week 
Cortisone 200 mg. daily 
Cortisone 150 mg. daily 
Cortisone 150 mg. daily 


2.06-8.80 


* Standard deviation. 


254 
Subject — Blood sugar 
mg. mg. % 
G.s.* 47.7 82.2 1.85 yes 
43.4 61.4 1.84 yes 
W. S.* 80.1 85.0 24.83 yes 
eg 50.0 65.0 5.10 yes 
a. 54.1 64.0 14.00 no 608 
gs 48.6 77.0 4.34 yes 228 
7 117.5 163.0 10.20 yes 185 
-_. 57.7 88.7 4.55 yes 460 
f: B. 42.7 88.4 3.12 yes 150 
-S. 62.9 69.5 8.70 yes 330 
5. i. 38.8 76.8 2.32 no 190 
A. M. 37.8 . 49.7 3.04 yes 214 
m, 30.0 58.9 1.29 yes 200 
co. 37.3 54.8 2.56 yes 138 
HF c. 68.3 84.7 7.13 yes 276 
os 56.8 82.3 3.18 no 190 
| 54.6 6.13 
1.29 
* In poor control but blood sugars not measured at time of glycogen determination. 
; t In coma. CO; combining power of blood less than 5 volumes per cent. All blood sugar determinations made on 
sample of blood analyzed for glycogen. 
— 
me meg meg. 
38.9 53.2 2.06 
54.2 70.4 8.33 
60.0 86.3 7.06 
¥. 43.5 60.0 5.22 
F.N. 46.8 73.8 5.33 
39.4 54.3 3.22 
A.D. 51.8 62.8 7.06 f 
59.4 68.7 8.80 
gy om 45.0 56.5 6.36 
48.8 5.94 
339-00 
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and one (C. H.) was receiving 75 mg. of ACTH 
and 75 mg. of cortisone daily. The underlying 
disease process in these patients included atopic 
dermatitis, rheumatoid arthritis, and scleroderma. 
Although the mean glycogen content per 10!° 
myeloid leukocytes was somewhat lower than that 
of the larger group of normal subjects, all values 
were well within the normal range. Only one value 
was above the normal mean. 

Neutrophilic leukocytosis of infection. Twenty- 
eight determinations of leukocyte glycogen content 
were made in 24 subjects with neutrophilic leuko- 
cytosis of infection. In two determinations §re- 
corded, the leukocyte count was within the normal 
range but one day previously had been elevated on 
The subjects 
studied had pneumonia, tonsillitis, meningitis, 
urinary tract infection, surgical complications, 
acute appendicitis, tuberculous pericarditis, and 


the basis of an infectious process. 


bacteremia of various types as a cause of leukocy- 
The mean glycogen content per 10°” mye- 
loid leukocytes was 86.7 mg., substantially above 
the mean for normal subjects. Comparison with 
other disease states and with normal subjects is 
indicated in Figure 1. Twenty-one of twenty- 
eight determinations were above the normal mean 


tosis. 


but only two above the highest normal value ob- 
tained. However, almost 40 per cent of the val- 
ues were above 90 mg. while only 14 per cent of 
values in normal subjects were in this range. It 
may be concluded that the glycogen content of 
myeloid leukocytes is appreciably elevated on the 
average in presence of neutrophilic leukocytosis 
of infection. These elevated leukocyte counts and 
high unit cell glycogen values, of course, are re- 
flected in marked elevations in total circulating 
leukocyte glycogen. 

Determinations were also made in eight cases 
with neutrophilic leukocytosis associated with such 
non-infectious processes as decompensated liver 
disease and metastatic carcinoma, All values per 
10° myeloid leukocytes were within the normal 
range and only one above 88 mg. This subject had 
metastatic carcinoma and marked leukocytosis 
ranging from 60,000 to 78,000 per cu. mm. On 
successive determinations unit cell glycogen was 
well above that of the highest normal subject, being 
over 130 mg. per 10'° myeloid leukocytes. In this 
subject the leukocyte glycogen content per 100 ml. 
of blood was as high as 102 mg., more than 14 
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times the highest value obtained in any normal 
subject. 

Chronic myelocytic leukemia, polycythemia vera 
with leukocytosis and/or leukemoid reactions, and 
other “myeloproliferative syndromes.” The data 
obtained on leukocyte glycogen in these condi- 


tions has been incorporated in a separate study 


(6) reported elsewhere and will only be sum- 
marized here. 
while the glycogen content per 10'° leukocytes of 


In chronic myelocytic leukemia, 


all types is usually within the normal range, the 
more significant value per 10'° myeloid leukocytes 
was consistently low in 14 subjects with this dis- 
ease. The mean value was 37.9 mg., approxi- 
mately one-half that of normal subjects. In sharp 
contrast, myeloid leukocyte glycogen polycy- 
themia vera of the type associated with marked 
leukocytosis and leukocyte immaturity was higher 
than in any other disease state studied. The mean 
content per 10° myeloid leukocytes was 116.2 mg. 
in 15 subjects. The differences are not explain- 
able in terms of therapy or the differential leuko- 
cyte picture and must be considered as evidence of 
a marked metabolic difference in the two condi- 
tions. This is true even in cases which clinically 
may be suspected of having undergone so-called 
leukemic transition. In other ‘“myeloproliferative 
syndromes” (11) thought not to be either poly- 
cythemia vera or chronic myelocytic leukemia, but 
with similar leukocyte pictures, the pattern of gly- 
cogen content has not been consistent. Some have 
exhibited high glycogen content of myeloid leuko 
cytes; others have shown low or normal values. 
These findings have been discussed previously in 
more detail (6). For purposes of comparison, the 
values in chronic myelocytic leukemia and in poly- 
cythemia vera are incorporated in Figure 1. 
Miscellaneous disease states. In acute blastic 
leukemias and in chronic lymphocytic leukemias 
the glycogen content per 10'° leukocytes of all types 
was very low. Since in most instances some cells 
of the myeloid series were also present, it cannot be 
categorically stated that blast cells and lymphocytes 
are completely glycogen-free. In a single instance 
of chronic lymphocytic leukemia in which a 200 cell 
differential leukocyte count revealed 100 per cent 
of the cells to be lymphocytes, no measurable gly- 
cogen was found, however. Moreover, in two 
cases of infectious mononucleosis in which mono- 
nuclear cells constituted a higher than normal per- 
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centage of the total leukocytes, low glycogen values 
per 10° leukocytes were also observed. It may be 
concluded that the data support the concept that 
myeloid cells beyond the blast stage of maturity 
are the only significant carriers of glycogen among 
the circulating leukocytes. 


DISCUSSION 


It can be presumed that the glycogen within the 
myeloid leukocytes serves as a storehouse of re- 
serve energy conveniently available to meet meta- 
bolic needs in carrying out normal physiological 
functions. The leukocytes of the blood are freely 
floating cells in fluid environment containing glu- 
cose readily available to the entire cell surface. 
It‘is of interest that the glycogen content remains 
relatively unchanged during the immediate post- 
prandial period when blood glucose is known to 
rise and that it is also within the normal range in 
poorly controlled diabetic subjects with marked 
elevation in blood sugar and the metabolic handi- 
cap of the diabetic state. Likewise, leukocyte gly- 
cogen does not appear to be particularly sensi- 
tive to cortisone and ACTH therapy, although the 
mean value per 10'° myeloid leukocytes in the rela- 
tively small group of patients receiving these medi- 
cations was somewhat below the normal mean. 

On the other hand, the low glycogen content of 
myeloid leukocytes in chronic myelocytic leuke- 
mia appears to be a consistent metabolic aberra- 
tion in this disease while in polycythemia vera of 
the type with associated leukocytosis and/or leu- 
kemoid reaction, even when the blood picture is in- 
distinguishable from chronic myelocytic leukemia, 
very high glycogen values are consistently ob- 
served. Dempsey and Wislocki (12) have com- 
mented upon the possible interrelationship of 
alkaline phosphatase and glycogen within cells. 
Observations in this laboratory (6, 10, 13) have 
indicated a certain parallelism between glycogen 
content and alkaline phosphatase activity of leu- 
kocytes. In conditions where blast cells or lympho- 
cytes are the predominating cell type, both gly- 
cogen content and alkaline phosphatase activity of 
leukocytes are low. In chronic myelocytic leuke- 
mia a similar situation exists whereas in polycy- 
themia vera with leukocytosis and/or leukemoid 
features, both values tend to be well above the 
normal range. The parallelism is not absolute, 


however. On the average, the highest unit cell 


VALENTINE, JAMES H. 


FOLLETTE, AND JOHN S. LAWRENCE 


leukocyte alkaline phosphatase values are found 
in the neutrophilic leukocytoses of infection. Gly- 
cogen content is also elevated above normal in this 
situation, but not quite so strikingly as in polycy- 
themia vera with leukocyte abnormalities where 
the highest values are observed. In this connec- 


tion, it should be mentioned that in polycythemia 
without concomitant leukocyte abnormalities, both 
unit leukocyte alkaline phosphatase and glycogen 
are usually normal. Whether this parallelism be- 
tween glycogen content and alkaline phosphatase 
activity is fortuitous or represents a metabolic in- 
terrelationship cannot be stated with certainty. 


SUMMARY 


Data are presented on the glycogen content of 
separated human leukocytes in health and in vari- 
ous disease states. 

Leukocyte glycogen has been observed to re- 
main relatively unchanged during the postprandial 
rise in blood sugar, in poorly controlled diabetes 
mellitus and in the presence of massive cortisone 
therapy. 

Unit cell myeloid leukocyte glycogen tends to be 
substantially low in chronic myelocytic leukemia 
and high in polycythemia vera with leukocytosis 
and/or leukemoid features. It also tends to be 
substantially above normal in the neutrophilic leu- 
kocytoses of infection. 

The data confirm previous observations that 
lymphocytes and blast cells are either glycogen- 
free or extremely poor in glycogen content. 

The parallelism between unit leukocyte glyco- 
gen and alkaline phosphatase activity is discussed. 


ACKNOWLEDGMENTS 


The authors gratefully acknowledge the technical as- 
sistance of Mr. Robert Proctor and Mr. Peter Shugarman 
in this investigation. 


REFERENCES 

1. Wagner, R., The estimation of glycogen in whole blood 
and white blood cells. Arch. Biochem., 1946, 11, 
249. 

2. Wislocki, G. B., and Dempsey, E. W., Observations 
on the chemical cytology of normal blood and he- 
mopoietic tissues. Anat. Record, 1946, 96, 249. 

3. Gibb, R. P., and Stowell, R. E., Glycogen in human 
blood cells. Blood, 1949, 4, 569. 


GLYCOGEN CONTENT OF 


4. Wagner, R., Studies on the physiology of the white 
blood cell: The glycogen content of leukocytes in 
leukemia and polycythemia. Blood, 1947, 2, 235. 

. Wachstein, M., The distribution of histochemically 
demonstrable glycogen in human blood and bone 
marrow cells. Blood, 1949, 4, 54. 

. Valentine, W. N., Beck, W. S., Follette, J. H., Mills, 
H., and Lawrence, J. S., Biochemical studies in 
chronic myelocytic leukemia, polycythemia vera, 
and other idiopathic myeloproliferative disorders. 
Blood, 1952, 7, 959. 

7. Bridge, E. N., and Holt, L. E., Glycogen storage dis 
ease: Observations on the pathologic physiology 
of two cases of the hepatic form of the disease. 
J. Pediat., 1945, 27, 299. 

8. Morris, D. L., Quantitative determination of carbo- 
hydrates with Dreywood’s anthrone reagent. Sci- 
ence, 1948, 107, 254. 


HUMAN LEUKOCYTES 


257 


9. Seifter, S., Dayton, S., Novie, B., and Muntwyler, F., 
The estimation of glycogen with the anthrone rea 
gent. Arch. Biochem., 1950, 25, 191. 

10. Valentine, W. N., and Beck, W. S., Biochemical 
studies on leucocytes, I. Phosphatase activity in 
health, leucocytosis, and myelocytic leucemia. J. 
Lab. & Clin. Med., 1951, 38, 39. 

11. Dameshek, W., Editorial: Some speculations on the 
myeloproliferative syndromes. Blood, 1951, 6, 
372. 

12. Dempsey, E. W., and Wislocki, G. B., Histochemical 
contributions to physiology. Physiol. Rev., 1946, 26, 

13. Beck, W. S., and Valentine, W. N., Biochemical stud- 
ies on leucocytes, II. Phosphatase activity in 
chronic lymphocytic leucemia, acute leucemia, and 
miscellaneous hematologic conditions. J. Lab. & 
Clin. Med., 1951, 38, 245. 


= = 


METABOLIC AND RENAL STUDIES IN CHRONIC POTASSIUM 
DEPLETION RESULTING FROM OVERUSE OF 
LAXATIVES 


By WILLIAM B. SCHWARTZ ann ARNOLD S. RELMAN 


(From the Department of Medicine, Tufts College Medical School and the New England Center 
Hospital; the Department of Medicine, Boston University School of Medicine, and the 
Evans Memorial, Massachusetts Memorial Hospitals, Boston, Massachusetts) 


(Submitted for publication October 13, 1952; accepted December 18, 1952) 


INTRODUCTION 


It is well known that diarrhea caused by a variety 
of gastrointestinal disorders may lead to potassium 
depletion (1). 


on two otherwise healthy women who, prior to 


This paper presents observations 


this study, had gradually developed severe potas- 
sium depletion and hypokaliemia as the result of 
chronic diarrhea induced by overuse of laxatives. 
Although in each instance there had been a loss 
of approximately one-third of total normal body 
potassium, there were no other significant dis- 
turbances of water and electrolyte balance and no 
overt signs of malnutrition. These two subjects 
thus presented an unusual opportunity to observe 
the clinical and physiological effects of uncompli- 
cated potassium depletion. 

The case histories described below present the 
clinical observations made before and after the 
spontaneous restoration of potassium balance which 
occurred when laxatives were withheld and the 
patients given a normal diet. 

This paper reports the results of balance stud- 
ies carried out in both subjects for the three-week 
period in which repair of their potassium deficit 
various renal 


was accomplished. In addition, 


functions were measured serially. In one patient 
renal function studies were begun immediately 
after the potassium deficit had been repaired, but 


in the second patient measurements were made 


both before and after treatment. The electrocar- 


‘This investigation was supported in part by grants 
from the National Heart Institute of the National In- 
stitutes of Health, U.S.P.H.S.; the Greater Boston 
Chapter of the Heart Association and 
Lakeside Laboratories Inc 

2 Presented in part in abstract at the 44th Annual Meet- 
ing of the American Society for Clinical Investigation, 
May 1952. 

8 Markle Scholar in the Medical Sciences. 
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diographic findings in these patients will be dis- 
cussed elsewhere (2). 


CASE REPORTS 
Case 1 

R. S., a 24 year old woman, was referred for investiga- 
tion of her chronic complaints of vague muscle pains, 
malaise, and weakness. Although her appetite was usually 
good and she had not lost weight, she stated that under 
emotional stress she often ate little or nothing for a day 
or two at a time. For more than a year she had ob- 
served a tendency to gain weight and to develop ankle 
edema whenever she ate salt. Up to the day of admis- 
sion she had worked regularly as an IBM machine 
operator. 

Physical examination revealed a somewhat thin, but 
otherwise healthy-appearing female. There were no ab- 
normal findings. Muscle strength and tendon reflexes 
were normal. 

Laboratory studies of the blood, stool and urine were 
not remarkable except that the maximum specific gravity 
of the urine after 18 hours of dehydration was: 1.013. 
X-ray examinations of the chest, long bones, skull, kid- 
neys, and entire gastrointestinal tract revealed no ab- 
normalities. Sigmoidoscopic examination was negative. 
A routine electrocardiogram revealed flattened or diphasic 
T-waves in most leads and was thought to be suggestive 
of hypokaliemia. Repeated determinations of serum po- 
tassium concentrations gave values between 2.1 and 2.3 
mEq. per 1. Serum bicarbonate concentration was 30 to 
33.5 mEq. per 1., but analyses for the following were nor- 
mal: serum sodium, chloride, albumin, globulin, choles- 
terol, calcium, phosphorus, and blood sugar and urea ni- 
trogen. A standard 8 lead electroencephalographic rec- 
ord was within normal limits. 

During the next three weeks, while on balance study, 
she spontaneously corrected her potassium deficit and her 
electrocardiogram returned to normal. At this time she 
first admitted to the habitual ingestion of Hinkle’s Cas- 
cara Compound 4 which she had taken in quantities of 15 
to 30 tablets per week in order to produce 2 to 3 watery 
bowel movements every day. At the completion of the 
period of potassium retention she was given laxatives for 


4 Each tablet contained : .016 gm. cascara, .016 gm. aloin, 
.01 gm. podophyllum, .008 gm. extract of belladonna, .001 
gm. strychnine sulfate, and .004 gm. oleoresin of ginger. 
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a few days to observe the effect on potassium balance and 
the electrocardiogram. During the next six months the 
patient was free of diarrhea and her serum potassium con- 
centration and electrocardiogram remained normal. 


Case 2 


A. B., a 42 year old widow, came to the hospital com- 
plaining of vague malaise, weakness and abdominal dis- 
comfort. She had been accustomed for a long time to 
taking indeterminate but large amounts of proprietary 
laxative compounds containing phenolphthalein, podophyl- 
lum, and aloin. These produced several watery bowel 
movements each day. Her appetite and intake of food 
were usually normal, but occasionally, at times of emo- 
tional stress, she ate little or nothing for several days at 
atime. For several months she had noted that her ankles 
swelled intermittently. Prior to admission she was able 
to work regularly at her job as a saleslady. 

On physical examination the patient looked depressed 
and chronically ill. There were no other abnormal find- 
ings. Tendon reflexes were normal and her muscle 
strength seemed appropriate. 

Routine laboratory studies of the blood, stool and urine 
were not remarkable except that maximal specific gravity 
of the urine after 18 hours of dehydration was 1.005. 
X-ray examinations of the long bones, chest, stomach, 
small intestines, and gall bladder revealed nothing of 
significance. A enema moderately 
atonic, redundant colon, but sigmoidoscopic examination 
disclosed no evidence of disease. 

A routine electrocardiogram showed sagging of the 
ST segments and prominent U-waves in most leads. 
Because of this suggestive evidence of hypokaliemia, se- 
rum potassium analyses were done. Repeated analyses 
gave values between 1.6 and 2.3 mEq. per 1. Serum 
chloride concentration was 94 mEq. per 1. but analyses 
for the following were normal: serum sodium, carbon 
dioxide content, albumin, globulin, cholesterol, calcium, 
phosphorus, blood sugar, and urea nitrogen. A standard 
8 lead electroencephalogram was within normal limits. 

The patient was placed on balance study, and during 
the next three weeks her potassium deficit was corrected 
and the electrocardiogram returned gradually to normal. 
During this time she noted a gradual, definite improve- 
ment in vigor and appetite and in her sense of well-being. 
Following discharge, the concentration of serum potas- 
sium, determined at frequent intervals, was usually nor- 
mal, as were electrocardiographic records made at the 
same time. 
stress she suffered brief episodes of anorexia and diarrhea, 
which she said were not provoked by laxatives. At these 
times the serum potassium concentration was low and 
the electrocardiogram showed T-wave abnormalities 


barium showed a 


On two occasions associated with emotional 


METHODS 


The patients were allowed to be ambulatory on the 


ward. Diarrhea had stopped or diminished prior to the 
beginning of the balance study and after a few days all 
bowel movements were of normal frequency and con- 
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sistency. The patients were given constant weighed diets 
which contained little sodium, a low-normal amount of 
potassium and the approximate nitrogen and caloric con- 
tent of the usual ward diet. No food was refused during 
the period of study. Salt was added each day in fixed 
amount with a weighed salt shaker in order to raise the 
sodium intake to a normal level. 
to 40 mEq. per day, was added to the oral intake as indi- 
cated in Tables I and I], but at no time did the total po- 
tassium intake exceed the usual range of normal. No other 
medications were administered. 

Organic acids in the urine were determined by the 
method of Van Slyke and Palmer (3) adapted for use 
with the Beckman pH-meter. 
Analyses for calcium in diet, urine and stool 


Potassium chloride, 20 


No creatinine correction 
was applied. 
were carried out by dry-ashing, followed by a modification 
of the Tisdall and Kramer titration (4). Total exchange- 
able potassium was determined by analysis of urine 
specific activity 24 hours after the administration of an 
oral tracer dose of K42CI (5). The chemical methods 
used to determine electrolytes in red blood cells will be 
published elsewhere (6).® 
dures, the methods used in the calculation of results, as 


The other analytical proce- 


well as other details of the balance technique have been 
described in a previous paper (7). 

The measurements of inulin clearance (Cin), p-amino- 
hippurate clearance (Cpan), endogenous creatinine clear- 
ance (Cer), and the maximal tubular secretory rate for 
PAH (Tmpan) were made in the standard manner (8) 
with the patients well-hydrated and resting in the supine 
position for at least an hour before the beginning of each 
study. On one occasion the renal arteriovenous oxygen 
difference (A-V O,) and the renal extraction of PAH 
(Evan) were determined in patient A. B. by the use of 
simultaneous samples obtained from an inlying peripheral 
arterial needle and a catheter placed in the right renal 
vein.? In this case, total renal blood flow was calculated 
from Cpan, Epan, and the peripheral venous hematocrit 
(Hkt). Renal oxygen consumption (R O,) was esti- 
mated as the product of total renal blood flow and A-V O.,,. 

The analyses for inulin in serum and urine were done 
by the method of Roe (9); PAH was determined by 
Smith’s adaptation (10) of the Bratton and Marshall 
diazo reaction (11), and endogenous creatinine was 
measured by Hare’s modification (12) of Borsook's 
method (13), which employs Lloyd's reagent for the 
separation of creatinine from non-creatinine chromogens 


5 The authors are indebted to Dr. Belton A. Burrows, 
Evans Memorial, Massachusetts Memorial Hospitals, for 
carrying out the K® measurements. 

6 Dr. Hans Keitel, Senior Assistant Surgeon, U.S.P.H.S., 
Children’s Medical Service, Massachusetts General Hos 
pital, and Department of Pediatrics, Harvard Medical 
School, performed the red cell analyses for us, and we 
acknowledge this assistance gratefully. 

? The authors are indebted to Drs. Walter E. Judson 
and James D. Hatcher, Evans Memorial, Massachusetts 
Memorial Hospitals, for their assistance with this pro- 
cedure. 
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TABLE I— 


Body 
weight 
44.52 
44.56 
45.09 
45.42 
45.61 
45.82 
46.42 
46.79 
46.99 
47.10 
47.69 
47.96 
47.73 
47.75 
46.05 
45.43 
44.97 
44.32 
44.34 
44.69 


= 


Analyses of oxygen content of whole blood were made 
according to Van Slyke and Neill (14). 

Renal concentrating ability was tested by determining 
the maximum urinary specific gravity (measured by a 
calibrated urinometer or by direct weighing of urine on 
an analytical balance) after 18 to 24 hours of dehydration. 


RESULTS 
I. Metabolic Studies 
A. Potassium balance and serum potassium 


In the lower halves of Figures 1 and 2 are shown 
the daily outputs of potassium in urine and stools 


superimposed on the total daily intake of potas- 
sium. The upper part of each figure depicts the 
cumulative balance of potassium (corrected for 
nitrogen with an assumed K/N ratio of 2.7) and 
the serum potassium concentration. Tables I and 
II] present the complete balance data from which 
these and subsequent figures are derived. 

The two figures are alike in demonstrating a 
rapid steady rise in serum potassium concentration 
and cumulative potassium balance. During the 
first week large positive balances resulted from the 


TABLE II— 


3 
a © 


| 08 Ge Ge Ge G0 Ge Ge Ge G0 Ge 
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g A.B. 9 42 Intake Urine 
Na K cl P NHa N 
mEq. mEq. mEq gems. mEq. ems. 
HO Na K ci P Ca Vol per sper per per per 
Day ml mEq. mEq. mEq. | | ems. mes ml. day day day day day day 
1 1,200 92 56 100 981 11 9 23 46 73 
2 2,000 92 56 100 890 11 8 22 20 51 
3 2,000 56 100 1,160 17 7 23 28 849 / 
q 2,000 92 .56 100 1,370 18 8 20 34 49 
5 2,900 92 56 100 1,110 22 9 26 34 43 
6 2,020 92 56 100 1,060 27 9 34 20 36 
7 2,010 92 56 100 1,019 27 10 32 29 31 
: 8 2,020 92 56 100 1,130 37 12 44 34 34 
9 2,020 92 56 100 1,210 45 16 56 37 39 
10 2,020 92 .56 100 1,480 73 23 89 37 38 
11 2,020 92 56 100 1,660 80 24 90 37 30 
12 2,020 92 56 100 1,780 128 36 143 34 27 
13 2,020 92 56 100 1,805 152 42 165 34 23 
14 2,020 92 56 100 3,310 313 73 328 34 18 
15 2,020 92 56 100 2,230 168 56 191 53 15 
16 2,020 92 56 100 2,410 194 oC 224 iSS 25 
17 2,020 92 *56 100 2,320 152 84 181 47 12 
: 18 2,020 92 56 100 1,520 77 64 107 as 20 
19 2,020 92 56 100 1,630 66 81 108 oo 22 
20 
R.S. 9 24 Intake Urine 
Na K cl P NH WN 
Body mEq. mEq. mEq. gms. mEq. gms. 
weight HO Na K cl P Vol. per per per per per ~ 
Day Kgm. mi. mEq. mEq. mEq. ems. ml. day day day day day ay 
1 43.56 2,000 85 44 88 57 vi 
2 43.44 2,000 127 44 130 S7 
3 43.82 2,200 127 44 130 57 
4 44.36 2,200 127 44 130 57 ) 
5 44.74 2,200 128 44 131 57 
6 45.10 2,210 127 64 150 BT | 
7 45.47 2,150 127 64 150 57 
8 45.85 2,210 127 64 150 EY 4 
9 46.10 2,210 127 64 150 57 
10 46.09 2,210 127 64 150 57 
110 45.72 2,210 127 64 150 .57 
12 44.95 2,183 127 73 159 57 / 
13 44.10 2,200 127 44 130 =. f 
14 42.79 2,200 127 44 130 
1S 42.12 2,200 127. 44 130 | 
160) 41.64 2,200 127 44 130 oF 
17. 41.41 2,200 127 44 130 57 
18 41.79 2,200 127 44 130 57 
19 41.78 2,200 127 44 130 oy 
20 41.95 2,200 127 44 130 57 
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Analytical data 


DEPLETION 


Serum 


TA. Om. Ca 
mEg. acids mgs. 
per mEq. per 
day perday day 


17 


low renal excretion of potassium. The average 
urine potassium in this period was only 4 mEq. 
per day in R. S. and 9 mEq. per day in A. B., 
despite the fact that both subjects excreted ap- 
proximately 1 to 2 1. of urine per day containing 
6 to 8 gms. of total nitrogen. 

In A. B. (Figure 1), urinary excretion rose 
rapidly after the eleventh day, resulting in an 
abrupt termination of the potassium-retention 
phase. Potassium uptake was complete after 13 
days when A. B. had retained a total of 536 mEq. 


Analytical data 


Sm RON 


in excess of nitrogen (12 mEq. per kgm. of final 
weight). At the same time serum potassium con- 
centration reached normal levels. Thereafter, 


urine output of potassium kept pace with intake 
and there was no further significant change in se- 


rum potassium or external potassium balance. 
The course of events in R. S. was quite similar 
to that in A. B. except that retention of potassium 
continued until serum potassium had reached ab- 
normally high levels. Serum drawn a few hours 
after the evening meal on the twelfth day had a 


Serum 
Cl 
mEq. 


per 


aa! 
aw 


| 


| 
| 
| 
| 
| 


100.5 
101.0 


102.0 
102.0 


107.0 
108.0 
107.0 


~ 


105.0 
108.0 
105.0 
105.0 
107.0 
107.0 


ma 


w 


108.0 
107.0 


261 
Stool 
Na K cl N P Ca COr Na kK cl P ; 
mEq. mEq. mEq. gms. gms megs. mM mEq. mEq. mEq mM 
’ t per per per per per per per per per per per ¢ 
16 221 7.4 28.0 94 
(221 141 
221 75 30.5 139 92 
25 226 139 
226 74 28.0 141 0.90 
.25 226 
16 151 7.4 28.0 140 99 1.43 
16 151 148 
16 151 7.4 21:5 145 101 1.37 
16 151 146 
16 151 
16 151 7.4 27.0 104 1.26 
159 102 
A2 159 7.4 25.5 141 102 
159 142 
1 42 159 7.4 215 103 1.34 
1 159 104 
1 159 
1 By 159 7.4 26.0 140 105 1.45 | 
141 i 
Stool 
mEq. acids mes. mEq. mEq. mEq. gms. gems. megs. mM mEq mM 
per mEq. _ per per per per per per per per per per T] per 
day perday day pH day day day day day day pH i i l i 
17 32 56 37 170 7.43 30.0 147 s 1.42 
12 34 30 OT 170 | 
9 31 35 37 170 7.47 33.5 0.97 ; 
9 32 34 170 
11 33 33 37 170 7.46 146 1.26 
10 36 46 iT 170 7.47 32.0 144 
8 34 57 37 170 147 1.29 
2 37 35 37 170 7.43 28.0 145 1.35 
4 30 54 83 147 1.31 
none 37 71 AZ 83 7.45 29.0 147 : 1.32 
none 39 78 .06 35 
/ none 35 70 .06 35 7.45 146 a 1.32 
4 36 76 .06 35 7.45 28.0 145 ) 1.41 f 
11 34 33 .06 35 145 5.6 1.36 
13 33 51 .06 35 7.45 2:5 146 1.34 
16 32 51 .06 35 144 i 
20 35 46 06 $5 7.44 25.0 1.52 
21 34 72 06 35 
17 35 41 .06 35 7.42 26.0 143 || | | 1.52 
19 34 60 .06 do 26.0 
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CUMULATIVE 
BALANCE OF 
POTASSIUM 
IN EXCESS 
OF NITROGEN 


NORMAL SERUM 


BALANCE K (Con N) 


SERUM 
POTASSIUM 
m.£q./ L. 


DAILY 
POTASSIUM 
BALANCE 


m.Eq. 


Fic. 1. 


SeruM PorasstuM, CUMULATIVE PoTASsIUM BALANCE, AND DAILy 


EXTERNAL BALANCE OF PotassiuM, Patient A. B. 


potassium concentration of 7.5 mq. per |. At 
this time, electrocardiographic tracings showed 
evidences of hyperkaliemia and it was deemed ad- 
visable to reduce the patient's oral intake of po- 
tassium from 73 to 44 mkq. per day in order to 
avoid further intoxication. On the fifteenth to 
eighteenth days of the study urinary excretion 
exceeded intake and the cumulative retention of 


potassium in excess of nitrogen gradually declined 
to a final level of roughly 445 mEq. (10.8 mEq. per 
kgm. of final weight), while the serum concentra- 
tions returned to normal. 


B. Total exchangeable potassium 


In A. B. total exchangeable potassium was de- 
termined at the beginning and end of the balance 


“RS § 24 


CUMULATIVE 
BALANCE OF 
POTASSIUM 
IN EXCESS 


BALANCE K( Corr N ) 


Po, 
R 
SERUM 


POTASSIUM 


OF NITROGEN 
m.Eq. 


DAILY 
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BALANCE 

m.Eq. 


Fic. 2. 


NORMAL SERUM 
RANGE 
cor 
SERUM K 


INTAKE 


URINE 


STOOL 


mEq/L. 


SeruM PorassiuM, CUMULATIVE PoTASSIUM BALANCE, AND DaILy 
EXTERNAL BALANCE OF PoTtassIUM, PATIENT R.S. 
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TABLE Ill 


Correlation of potassium balance and exchangeable 
potassium, patient A. B. 


Change in 
: Exchange exchange- Change in 
Time able kK able K K balance 
mEq. mEq. mEq. 
Day 0 1,120 
Day 19 1,659 +539 +548 
period. These values are compared in Table III 


with the observed change in potassium balance. 
It will be seen that, at the beginning of the study, 
this patient’s total exchangeable potassium was 
only 1120 mEq., or 25.2 mEq. per kgm. (Mean 
normal for women by this technique is 41 mkq. 
per kgm. [15].) At the end of the balance this 
figure was 1659 mEq., or 37.3 mEq. per kgm. This 
increase of 539 mEq. is almost identical with the 
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observed total cumulative retention of 548 mEq. 
over the same period. 

In R. S. the first determination of exchangeable 
potassium was made on the sixth day of study. 
Correcting the observed figure of 1425 mEq. for 
the over-all retention of potassium prior to, and 
subsequent to, this determination, one derives an 
estimate for initial exchangeable potassium of 27.0 
mq. per kgm. and a final figure of 40.4 mEq. per 
kgm. Several weeks after this study was com- 
pleted, total exchangeable potassium, determined 
on two occasions, averaged 39.4 ml%q. per kgm. 

In each instance, therefore, initial body potas- 
sium content was far below normal limits, but was 
The 
potassium deficit was approximately one-third of 


restored to normal at the end of the balance. 


the normal total exchangeable potassium content. 


SERUM 
mEq/L 
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CUMULATIVE ELECTROLYTE AND NITROGEN BALANCE, WEIGHT 
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N 


34 
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DAYS 


CUMULATIVE ELECTROLYTE AND NITROGEN BALANCE, WEIGH1 


CHANGES, AND SERUM ELECTROLYTES, PATIENT R. S. 


C. Serum electrolytes and pH 


The upper sections of Figures 3 and 4 show the 
values for serum electrolyte concentrations. Both 
subjects initially had a marked hypokaliemia which 
improved gradually as described in Section A. 
Sodium concentrations were normal in both sub- 
jects and did not change significantly. Serum 
chloride concentration was a little low in A. B., but 
only in R.S. (Figure 4) was there a slight increase 
in initial serum bicarbonate. As potassium bal- 
ance was restored in this patient, serum bi- 
carbonate concentration returned to normal. In 
A. B. (Figure 3), although serum bicarbonate fell 
only 2 mEq. per |., chloride concentration rose 10 
mi*q. per 1. This suggests the disappearance from 
the serum of some unmeasured anion, possibly an 
organic acid, which had been present during the 


potassium-depleted state. Serum pH (Tables I 


and II) was always within normal limits and did 
not vary significantly as potassium was accumu- 
lated. 


D. Electrolyte balances and weight changes 


In the lower halves of Figures 3 and 4 are plotted 
cumulative changes in body weight and in external 
balance of electrolytes and nitrogen. The scale for 
the cumulative weight change is so chosen that one 
kilogram on the weight scale is equivalent on the 
electrolyte scale to 140 mEq. (This latter value 
was the approximate mean sodium concentration 
in extracellular fluid.) When changes in weight 
are due solely to changes in extracellular fluid vol- 
ume the lines indicating sodium balance and weight 
should be parallel, provided that extracellular so- 
dium concentration remains the same. Unmeas- 
ured skin losses would cause deviation of the 
weight and the sodium curves. Little or no sweat- 
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ing occurred during these experiments so that un- 
measured losses of sodium through the skin were 
probably only 5 to 10 mEq. per day (16). 

During the initial phase of potassium repletion 
there was a striking retention of sodium and chlo- 
ride which was followed by rapid diuresis of these 
ions just as potassium retention was approaching 
completion. In R. S. retention of sodium occurred 
just prior to and during menstruation, but A. B., 
who was not menstruating, showed similar re- 
tention of sodium. 

The cumulative weight curve in each subject 
was Closely related to the change in extracellular 
fluid volume predicted from sodium balance, and 
the close adherence of the two curves would sug- 
gest that expansion and contraction of extracel- 
lular fluid volume was responsible for the changes 
in weight. The curve of chloride balance paral- 
leled that of sodium, but chloride retention always 
greatly exceeded sodium retention. On the thir- 
teenth day in R. S. (Figure 4) and on the fifteenth 
day in A. B. (Figure 3), when the cumulative 
changes in weight and sodium balance were ap- 
proximately zero, it should be noted that there were 
positive balances of potassium and chloride of ap- 
proximately 500 mEq. each. This retention oc- 
curred without significant change in body fluid 
tonicity as measured by the sum of the concentra- 
tions of extracellular sodium and potassium. 


E. Calcium, phosphorus and nitrogen balance 


The scales for nitrogen and phosphorus balances 
in Figures 3 and 4 are related to each other and to 
the scale for electrolytes so that 1 gm. of phos- 
phorus equals 14.7 gms. of nitrogen or 39.7 (14.7 
x 2.7) mEq. of potassium. These are the ap- 
proximate relations of these substances in proto- 
plasm (17) and parallel curves for nitrogen, phos- 
phorus, and potassium are therefore presumed to 
indicate that changes in the balance of these sub- 
stances are due to gain or loss of tissue. 

It is immediately obvious from a consideration 
of the figures that nitrogen retention was small 
and the retention of potassium was far in excess of 
the retention of nitrogen. 

Using a Ca/P ratio for bone of 2.23 (17), the 
phosphorus balances plotted in Figures 3 and 4 
have been corrected for calcium balances (Tables I 
and II). The small negative balances of calcium 
probably were the result of the relatively low cal- 
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TABLE IV 


Internal balances 


Intracellular Intracellular 
Subject sodium potassium 
mEq. mEq. 
A. B. ~ 483 +505 
Days 1-15 
RS. —454 +462 


Days 1-14 


cium intake (18). The cumulated corrected phos- 
phorus retention for A. B. (Figure 3) exceeds the 
retention predicted from nitrogen balance by + 
54 gm. This is within the limits of error in 
analysis and balance technique (17). In R. S. 
(Figure 4) the corrected phosphorus balance was 
2.6 gms. less than that predicted from the nitrogen 
balance. This may indicate a small loss of phos- 
phorus from cells. In any event, it is quite clear 
from these figures that potassium retention oc- 
curred with little or no change in the cell balance 
of phosphorus. 


F. Cell balances of sodium and potassium 


Shifts of sodium and potassium to and from 
intracellular fluid at the end of the two-week period 
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of potassium repletion are shown in Table IV. 
The similarity of the magnitude of the shifts at 
the time of complete repair in both subjects and 
the almost equal exchange of sodium for po- 
In KR. S. it is estimated that 
462 mq. of potassium entered cells in exchange 
for 454 mq. of sodium. In A. B. 483 mEq. of 
sodium left cells while 505 mk&q. of potassium were 
taken up. 


tassium are striking. 


G. Red blood cell composition 


Initial concentrations of sodium, potassium and 
phosphorus, expressed either as “per kgm. of red 


RS 24 


4 


DAY 


Fic. 6. Renar Excretion oF AMMONIUM, TITRATABLE 
Actp anp Potassium, AND Urine PH, Patient R. S. 


(The ammonium excretion for the eleventh day has 
been plotted incorrectly. It should be 42 mEq.) 


blood cell solids” or “per kgm. of red blood cell 
water,” were both within normal limits (19). 
During potassium repletion there was a rise in each 
patient of approximately 13 per cent in red cell po- 
tassium content, but the final values were still nor- 
Red cell phosphorus did not change signifi- 


mal. 
cantly. 

H. Urine pH, excretion of ammonium, titra- 
table acid, and organic acids 


The changes in urine pH, ammonium, and titrat- 
able acid, and the relation of these values to uri- 
nary potassium are shown in Figures 5 and 6. 
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TABLE V* 
Renal function data, patient R. S. 


Before K 
therapy 
10/2/51 


After K therapy 
2/7/52 


Patient R.S ? 11/6/S1 11/29/51 


Ci, ml./min. 
Ce, ml./min. 
Port mgm. % 
Cpan ml./min. 
FF % 


Hkt % 

ERBF ml./min. 
Tmpan mgm./min. 
Sp. Gr. 


93 


1.013 1.026 


* All clearance and Tmpan values corrected to 1.73 sq. m. 

t Serum creatinine concentration. 

t Effective renal blood flow, calculated from Cpan and 
Hkt. 


An outstanding feature of each figure is the 
progressive decline in excretion of ammonium. 
In A. B. (Figure 5), ammonium decreased with- 
out significant alteration in urine pH or titratable 
acid, In R. S. (Figure 6), the sharp decline in 
urinary ammonium which began on the twelfth 
day was associated with a fall in urine pH and a 
rise in titratable acidity. 

Except for the period of the initial fall in am- 
monium excretion when the balance regime was 
started, there was a roughly inverse relationship 
between excretion of ammonium and potassium. 

Excretion of total organic acids did not change 
significantly at any time in either patient. 


TABLE vi* 
Renal function data, patient A. B. 


Before K 
therapy 
1/16/S2 


Following 
diarrhea 
7/15/52 


After K therapy 


Patient A.B. 9 42 2/S/S2 3/21/52 


Cy, ml./min. 
Co, ml./min. 
Por mgm. %§ 
Cpan ml./min. 
FF % 


Hkt % 

ERBFf ml./min. 
Tmpan mgm./min. 
PAH 

RBFf ml./min. 
A-V O; vols. % 

R O, ml./min. 


Sp. Gr. 1.025 


* All clearances, Tmpan and R O; corrected to 1.73 sq. m. 

+ Effective renal blood flow, calculated from Cpan and 
Hkt. 

t True renal blood flow, calculated from ERBF and 
Epan. 

§ Serum creatinine concentration. 


| 
— 88 111 133 
-— 379 462 507 
— 27.3 21.4 22.9 
-~ 37.4 39.0 42.5 
— 606 758 882 
80 
PH 70 
60 
m.Eq. /Day 
70 
K 
60r 4 
NH, 
50 
30 
20 
TA. 
/ 
56 88 125 87 
.87 .94 79 
° 315 376 584 346 
14.0 19.2 17.7 21.0 
38 29 35 35 ‘fF 
508 530 897 531 
45 53 71 69 
746 = 
9.9 
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IT. Renal Function Studies 

The renal function data are presented in Tables 
Vand VI. All clearances and Tm values are cor- 
rected to a standard surface area of 1.73 sq. m. 

1. Patient R. S. (Table 

The first observations were made approximately 
a week after this patient’s potassium deficit had 
been corrected. Cy, and Tmpay were at the lower 
limits of normal, but Co, and Cpan were slightly 
below normal. Prior to restoration of potassium 
balance as well as immediately thereafter, dehy- 
dration for 1&8 hours had resulted in a maximum 
urine specific gravity of only 1.013. 

During the subsequent months, the patient. re- 
mained well and her serum potassium concentra- 
tion and electrocardiographic records did not show 
any evidence of recurrence of potassium depletion, 
Three weeks after the first observations C., and 
Cpan were at the lower limits of normal and Tmpan 
had increased from low normal to high normal 
values. Final observations made 10 weeks later 
(14 weeks after the restoration of potassium 
balance) revealed that all renal functions were un- 
equivocally normal. As indicated in Table V, 
Cor, Cin, and Cpan increased slightly, but Tmpan 
remained at its previous high normal level. The 
patient was now able to concentrate her urine to 
1.026. 


2. Patient A. B. (Table V/). 


A. B.'s renal function was first measured im- 
mediately before restoration of her potassium defi- 
cit was begun. Cy, was 43 ml, per min, and Cy, 
was 56 ml. per min. Tmpan was also greatly re- 
duced and Cpay was little more than half of normal. 
Maximum urine specific gravity was only 1.005, 

The second observation was made immediately 
after body potassium had been completely restored, 
At this time all functions measured were consider- 
ably improved, but nevertheless they were. still 
far below normal. Renal A-V ©, difference was 
normal, but renal oxygen consumption was 9.9 
ml, per min. (normal about 16% 2.9 ml. per min. 
}20|), and Epan was only True renal blood 
flow was therefore considerably higher 
than the effective blood flow (IERBF) and was 
near the lower limit of normal. Maximum specific 
yravity was 1.015 


During the next six weeks the patient remained 
well, and occasional electrocardiographic tracings 
and serum potassium determinations were normal, 
At the end of this time, a third evaluation of renal 
function revealed that all functions measured (Cy,, 
Cor Cran. Timpan) had increased substantially 
and were now within normal limits. A concen 
tration test produced a maximum urine specific 
gravity of 1,025 

The final study of renal function listed in Table 
VI was carried out at the end of a two-week pe 
riod of diarrhea, when the serum potassium was 
3.0 mleq. per 1. and the electrocardiogram showed 
marked changes in Q-T interval and ‘T-waves con 
sistent with hypokaliemia. Cor, Ci, and Cpan 
were now roughly 30 per cent below their previ 
ously normal levels, but Trmipan was essentially un 


changed. 
DISCUSSION 


That excessive use of laxatives was the sole 
cause of the potassium depletion im these two 
women 1s not proven conclusively by these data, 
but the clear-cut history of diarrhea related to the 
chronic use of laxatives and the lack of evidence 
for any other mechanism make this conclusion 
highly probable. Furthermore, when R. S. was 
allowed to use laxatives again, balance study dem 
onstrated loss of potassium in the diarrheal stools 
and a negative daily potassium balance (21). The 
concentration Of potassium in stool water during 
this laxative-induced diarrhea was 50 to 55 mitq 
per 1, and the stools contained 2 to 4 per cent of 
solids. 

The extraordinarily severe potassium deticits im 
these two women apparently developed gradually 
over a period of months or years without producing 
any striking symptoms or signs. This suggests 
that the rate at which potassium depletion develops 
is of importance in determining symptomatology 
Although rapid loss of potassium from isolated 
perfused muscle will reduce contractility (22), it 
has been shown that the gradual production ot 
potassium depletion in rats does not impair the 
muscular response to a tetanic stimulus (23) or 
reduce the animals’ swimming ability (24). Fur 
ther evidence that tissue may become acelimatized 
to potassium deficiency is provided by the “po 
tassium paradox” of Libbrecht (25). 

The important contribution of renal “leakage” 


r 
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of potassium to the development of potassium de 
pletion im oman has been emphasized (26, 27) 


Although there are no observations on the effi 


crency of renal conservation of potassium early in 


the development of the potassium deficit in the two 
cases reported here, the data in R. S. demonstrate 
unequivocally that, with prolonged depletion, renal 
excretion of potassium may sometimes be reduced 
to extremely low levels despite normal urine vol 
umes. In this patient the renal excretion of potas 
sum during repair remained so low that her body 
fluids became temporarily surfeited with this ion 
and signs of potassium intoxication appeared in the 
electrocardiogram. ‘This temporary failure in re 
nal regulation may have been due in part to im 
pairment of renal function 


The 


changeable potassium and the potassium balance 


close correlation between total ex 


very 
m patient A. Bois noteworthy. This observation 
muphes that exchangeable potassium measured the 
metabolically active pool of potassium in the body, 
irrespective of whether it measured total body po- 

The apparent discrepaney between the net bal- 
and cations (Section D, above) 


ance of water 


could have resulted from excessive unmeasured 
skin losses of electrolytes or from other systematic 
errors in balance technique. However, in the ab- 
sence of any evidence for such an explanation, it 
would appear likely that uptake of potassium was 
assocrited with a reduction in the osmotic activity 
Total 


(calculated on 


of some intracellular constituent (28, 29), 
intracellular cation concentration 
the assumptions that [a] “chloride space’ is 
equivalent to extracellular space, and [>] intra 
cellular caletum and magnesium did not change 
[20] ) increased approximately 40 per 1 in 
R.S., and 25 per 1. in Tf the final tis- 
sue composition was normal, this would indicate a 
low intracellular cation concentration prior to 
treatment. Similar changes are regularly found 
in the muscles of potassium-deficient rats (29) 
Restoration of tissue potassium was also ac 
companied by a large but transient retention of 
sodium, an observation similar to that made by 
Squires, and Crosley (30). Sodium re- 
related to the 
disturbances in renal function observed in the pres- 


tention may have been reversible 


ent patients. No explanation can be offered at 


present for the sustained retention of chloride 
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(Figures 3 and 4) and expansion of the “chlo- 
ride space.” 

The absence of significant alkalosis in these 
patients despite a prolonged period of severe po- 
It has 
heen suggested that the alkalosis usually present 


tassium depletion requires consideration. 


in potassium deficiency may be due, at least in part, 
to exchange of intracellular potassium for extra- 
cellular hydrogen tons (31,32). The approximate 
equivalence of the sodium and potassium. shifts 
listed in Table IV would suggest that no large 
transfers of hydrogen occurred in either of the pres- 
ent cases. However, the methodological errors 
inherent in these calculations (31) preclude close 
interpretation of the data. Further evidence 
against a shift of hydrogen ions from the cells can 
that 
ammonium plus titratable acid decreased during 


he deduced from the fact the excretion of 
the uptake of potassium. This is in contrast to the 
findings of Cooke and associates (32), who ob 
served an increased excretion of ammonium and 
titratable acid during treatment of potassium-defi- 
cient, alkalotic rats. Interpretation of the present 
data is complicated by the possibility that previous 
loss of bicarbonate im the diarrheal stools may 
have affected the acid-base balance. 

The observations of urinary excretion of am 
monium and potassium depicted in Figures 5 and 6 
show that, contrary to prevailing hypotheses (33), 
changes in ammonium excretion were independent 
of changes in urine pH. The rapid decline 
nary ammonium comeided with an increase in the 
excretion of potassium and sodium in both sub- 
jects. Such an inverse relationship between the 
urinary excretion of potassium and ammonium 
might be expected if renal ammonium production 
involves secretion of hydrogen ions (33) and af 
there is a competition between tubular secretion of 
hydrogen and potassium (34). However, the 


hypothesis of hydrogen-potassium competition 
would still fail to explain the apparent indifference 
of urine pH and titratable acidity to the large 
changes in potassium excretion, 

An alternative explanation is that ammonium 
may, under certain conditions, passively serve the 
demands of electroneutrality in the urine by acting 
as “available cation.” According to this hypothesis 
the presence of increasing amounts of potassium 
ions in the tubular fluid would, if all other rele- 


vant factors were kept constant, reduce the stimu- 
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lus for release of ammonia by reducing the po- 
tential excess of urinary anions over cations 
However, in view of the evidence presented here 
that potassium depletion unpairs certain tubular 
functions, any interpretation of these data must 
he considered for the present as only tentative. 
The unexpected discovery of fixed urine specific 
gravity in patient R.S. while she was potassium 
depleted suggested that more detailed study of her 
renal function might be of interest. It was not 
until after balance studies had been completed 
and potassium balance restored that the clearances 
reported in Table Vo could be carried out. The 


changes in renal function in this patient were small 


but they suggested that glomerular and tubular’ 


function may have been inypaired during the pe 
riod of potassium depletion, 

The more complete observations in patient A.B. 
Who also mitially exhibited isosthenuria imdicated 
that there was marked impairment of glomerular 
and tubular function during potassium depletion 
which slowly returned to normal after treatment 
with potassium. Immediately after a second epi 
sode of diarrhea and potassium depletion renal 
function was found once more to be distinetly 

Soth patients had habitually ingested laxative 
mixtures contaming alom, Although this an 
thraquinone compound is said to cause renal dam 
age im rabbits when adnunistered subcutaneously 
in total doses of O.2 to 


of 1 to 40 days (35), 


2.25 gms. over a period 
the quantities of alom im 
gested by these patients over a comparable period 
were far below this toxic level. Furthermore, hu 
mans are resistant to the nephrotoxic action of 
aloin because they excrete practically none of this 
substance in the urine when the drug is taken by 
mouth (36), 

Disorders of fluid and electrolyte metabolism 
known to impair renal function, such as dehydra 
tion, sodium depletion, and alkalosis, were not 
present in these patients. The absence of any con 
comitant weight gain or retention of nitrogen sug- 
vests that the Improvements in renal function can 
not be ascribed to mmiproved nutrition, Recent se 
rial studies of another patient with severe chron 
potassium) depletion have also revealed reduc 
tions in glomerular and tubular function which 
were restored within six 


weeks by treatment 


with potassium (21). Although this patient's po 
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tassium depletion was complicated by steatorrhea 


and malnutrition, there was no clinical change im 
these factors durmyg the period of observation, and 
there were no other known disorders of water or 
The data 
therefore strongly suggest that potassium depletion 
may depress renal function 


electrolyte balance present would 


Tubular dysfunetion m= these patients may be 
related to the observations of altered renal tubu 
lar morphology potassium-deticient: rats (37) 
and in patients dying with clinical evidences of po 
tassium depletion (38, 39). The apparent changes 
in renal plasma could have been due im part 
to reductions in PAL 
(See Table V1.) 
in addition, plasma flow, as well as glomerulas 


the tubular extraction of 


such as occurred in patient A.B 


hltration, may have been affected by the expan 
sion of the “chloride space” which occurred dur 
ing uptake of potassium (Figures 3 and 4) 

Renal dy sfunction of the type report d here could 
account for certain phenomena associated with se 
vere potassium depletion, Sodium retention (30, 
40, 41), elevated blood concentration 
(40), and reduced urea clearance (41) may be im 
part due to the reduction in glomerular filtration, 
Kenal tubular damage could explain the isosthen 
uria im these and other cases of potassium deple 
tion (38, 39, 42) as well as the polyuria in potas 
(43) (44). The 
failure of the kidney im potassium depletion. to 


sium-deticient dogs and rats 
adjust extracellular bicarbonate concentration (32) 
may also be related to the functional disorders re 
ported here, Another interesting tiplication ot 
these data is that potassium depletion may he re 
sponsible at least in part tor the renal dystunetion 
found in many cases of alkalosis (30, 45) 


SUMMARY AND CONCLUSIONS 


Balance studies were carried out on two women 
who had gradually developed severe potassium de 
pletion and hypokalemia as the result of chront 
Neither 


of the patients had any overt neuromuscular symp 


diarrhea induced by overuse of laxatives 


toms or signs, and it was only through the dis 
covery of T-wave changes in routine electrocardio 
There 


serum electrolytes 


grams that hypokalemia was discovered 


were no other disturbances ot 
except for slight elevation of plasma bicarbonate 


In one patient. Red cell sodium, potassium and 


3 
4 
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phosphorus concentrations were normal, Renal 
excretion of potassium was very low. 

When laxatives were withdrawn and the pa 
vents given normal oral intakes of potassium, each 
retamed an amount of potassium roughly equiva- 
lent to one-half her total mitial body potassium 
content (as estimated by K* dilution), without 
significant retention of nitrogen or phosphorus. 
Changes in total exchangeable potassium were ap 
proximately equal to the actual potassium retention, 
In both imstances potassium retention was accom- 
panied by a large but transient retention of sodium. 
Internal balance calculations mdicated that cellu- 
lar uptake of potassium was approximately equal 
to the estimated loss of imtracellular sodium and 
that total initial intracellular cation concentration 
was markedly reduced. lexeretion of ammonium 
was relatively high initially and during correction 
of the potassium deficit: ammonium diminished 
rapidly without significant change im urine pH or 
titratable acidity, 

Ability to concentrate the urme was impaired 
i both patients prior to treatment, but was re- 
stored to normal after correction of the potassium 
deficit. Clearance studies begun immediately af- 
ter treatment mm the first patient revealed. slight 
reductions in glomerular and tubular function. 
In the second patient glomerular and tubular fune- 
tions were found to be markedly depressed prior 
to therapy. After correction of the potassium defi- 
cit there was a gradual return to normal of all 
functions in both patients. It is suggested that 
renal dysfunction may account for certain disturb- 
ances in water and electrolyte metabolism observed 


in potassium deficiency. 
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~ 


Everything about a Technicon Lab-aid file is de- 
signed to speed the work and improve filing effi- 
ciency. For example, the unique (patented) spring 
slide-spacers. Holding slides upright with plenty of 
air-space for quicker drying, they're still supple 
enough to spread like this, so you can easily file or 
find a slide. If you want more capacity for close- 
packed, permanent storage, you simply remove the 
spacer, which gives you room for approximately 
6500 slides in a single 19” x 19” x 5” unit — up to 
45% more capacity. 

To find out more about this efficient system for 
laboratory filing, send the coupon below. 


City 


THE TECHNICON COMPANY 
215 East 149th St., New York 51, N. Y. 


Send me particulars of the ‘‘LAB-AID"’ filing system. 


Name 


Address 
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Truly 
broad-spectrum 
therapy in 

each 


(easpoontul 


‘erramyvecin 


BRAND OF STERIC 


oral suspension 


Pure. well-tolerated Terramyecin in 
pleasant raspherry-flavored vehicle. 
Fach ee. teaspoonful supplies 
250 me. of truly broad-spectrum 
antibiotic effective against gram-positive and 


vram-negative bacteria, including the important 
Don’t miss 
Pfizer 


Speetrum 
appearing 
regularly in 
the J.A.M.A. 


collaerogenes group, rickettsiae, certain large 


viruses and protozoan 


world’s largest producer of antibiotics 


N CHAS PFIZER & CO Ine BROOKL YS 


LANCASTER PRESS, INC., LANCASTER, PA. 
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